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Chapter  1 

GEIJERAL  DATA  ON  CONTEMPORARY  FACILITIES  FOR  THE  RESCUE  OF 
AN  AIRCRAFT  CREW  UNDER  EMERGENCY  CONDITIONS 

§1.  FACTORS  LEADING  TO  THE  DESIGN  OF  AN  EJECTION  SEAT 

An  Improvement  In  the  tactical  flight  characteristics  of  flying 
craft  Is  frequently  limited  by  the  physiological  potentials  of  man. 

The  contradiction  between  the  required  tactical  flight  characteristics 
and  the  capabilities  of  a  hioman  being  became  particularly  pronoiuiced 
In  the  recent  decade,  starting  at  about  the  end  of  the  Second  World 
War  ( 19^1-19^5) •  As  this  contradiction  was  being  resolved,  there  arose 
a  new  branch  of  physiology  —  aviation  medicine*  —  and  there  were  also 
new  branches  In  aviation  engineering,  l.e.,  hlgh-altltude  equipment 
Intended  to  ensiAre  the  safety  and  functional  capacity  of  a  crew  during 
flight  (oxygen  masks,  pressure  suits),  and  rescue  equipment  Intended 
to  enable  a  crew  to  abandon  an  aircraft  safety  tinder  emergency  condi¬ 
tions;  the  first  such  piece  of  equipment  was  the  so-called  ejection 
seat. 

It  was  only  comparatively  recently  that  the  only  available  means 
for  a  member  of  a  crew  to  depart  an  aircraft  under  emergency  conditions 
was  the  parachute  strapped  to  his  back.  In  the  case  of  an  emergency 
the  pilot  (or  any  other  member  of  the  crew)  abandoned  his  aircraft 
through  the  simple  expedient  of  climbing  out  of  the  cabin.  Having  spent 
a  few  moments  In  free  flight,  he  opened  his  parachute  and  descended 
safely  to  earth. 

With  the  Increasing  velocities  of  flight,  however,  this  method  of 
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safegiiardlng  a  crew  in  the  case  of  an  aircraft  accident  proved  to  be 
ljiq;>osslble  for  two  reasons,  l.e.,  at  Indicated  velocities  In  excess  of 
400  km/hr  It  Is,  first  of  all,  extremely  difficult  to  overcome  the 
very  high  alrstream  pressure  encountered  on  leaving  the  aircraft  and, 
secondly,  at  these  velocities  the  stream  would  propel  the  Individual 
abandoning  the  aircraft  (If  he  were  able  to  leave  the  aircraft  In  the 
first  place)  with  such  force  that  a  collision  against  the  wing,  the 
horizontal  stabilizers,  or  the  fin  of  the  aircraft  would  be  totally 
unavoidable. 

These  conditions  led  to  the  development  of  an  ejection  seat,  i.e., 
a  seat  equipped  with  a  special  firing  mechanism  which  (generally  by 
means  of  an  explosive  cartridge)  Imparts  a  vertical  velocity  to  the 
seat,  sxifflclent  to  pass  up  and  over  the  rudder.  Since  this  velocity 
must  be  Imparted  to  the  seat  over  a  comparatively  short  path,  the 
ejected  seat  and  the  hximan  being  are  subject  to  considerable  vertical 
acceleration. 

As  soon  as  the  seat  enters  the  alrstream  the  man  Is  subjected  to 
0  forces  from  back  to  front  (the  so-called  deceleration  force)  and  he 
Is  also  subject  to  the  pressure  of  the  approaching  free  stream  which 
causes  the  seat  to  turn,  thus  changing  the  direction  of  the  accelera¬ 
tion. 

Thus  upon  separating  from  an  aircraft  In  his  escape  equipment  a 
man  Is  successively  subjected  to  0  forces  In  the  directions  "head- 
pelvis,"  "back-chest,"  "pe 1 vis -head, "  and  he  Is  also  subjected  to  the 
pressure  of  the  approaching  free  stream,  the  effect  of  the  angular 
velocity  of  seat  rotation,  and  the  dynamic  shocks  produced  by  para¬ 
chute  opening.  He  subsequently  experiences  a  lengthy  (if  the  escape 
from  the  aircraft  occvirred  at  great  altitude)  and  rapid  descent  during 
which  atmospheric  pressure  Increases  rapidly,  and  he  subsequently  exe- 
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cutes  a  slow  descent  by  means  of  the  main  parachute,  finally  landing 
on  the  ground  (or  In  water). 

The  human  organism  Is  not  built  to  withstand  all  of  these  pres¬ 
sures;  therefore  the  Individuals  engaged  in  the  design  of  escape  and 
hlgh-altitude  equipment  seek  to  attenuate  the  effect  of  these  pres¬ 
sures  to  limits  of  human  tolerance. 

The  problem  is  Itself  complex  and  made  even  more  difficult  by  the 
fact  that  In  addition  to  enabling  an  Individual  to  escape  from  an  air¬ 
craft  under  emergency  conaitlons,  the  equipment  must  also  provide  for 
satlsfacto|?jyr  performance  in  Its  primary  function,  l.e.,  the  seat  and 
equipment  used  by  a  pilot  must  provide  the  required  ease  and  convenience 
of  aircraft  control.  The  requirements  Imposed  on  the  equipment  with 
respect  to  convenience  of  aircraft  control  and  safety  under  the  emer¬ 
gency  conditions  In  which  a  pilot  might  be  called  upon  to  escape  from 
his  aircraft  are  contradictory.  If  In  addition  we  consider  the  diffi¬ 
culties  of  Resting  this  type  of  equipment  under  actxial  conditions 
(tests  with  dummies  do  not  yield  exhaustive  data,  and  tests  with  a 
h-uman  being  are  not  always  possible),  the  over-all  complexity  of  the 

I 

solution  td  this  problem  becomes  clear.  The  escape  of  an  aircraft  crew 
In  the  case  of  an  emergency  assumes  the  solution  of  ’^roolems  pertain¬ 
ing  to  entire  complex  of  equipment  (the  cockpit  —  [ejection]  seat  — 
parachute  system  —  hlgh-altltude  equipment  —  portable  emergency  sup¬ 
plies). 

Ejection  as  a  means  of  forced  escape  from  an  aircraft  can  save 
the  life  of  a  pilot  In  unanticipated  and  completely  unforeseen  situa¬ 
tions. 

We  know,  for  example,  of  a  case  In  which  a  pilot  was  ejected  under 

I 

water;  the  events  were  the  following.-^  Upon  takeoff  from  an  aircraft 
carrier  the  aircraft  suffered  engine  failure;  after  ditchirg  In  the 
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8ea«  the  aircraft  sank.  Since  the  hydrostatic  pressijre  prevented  the 
pilot  from  forcing  the  canopy,  the  pilot  elected  to  eject  himself.  Be¬ 
cause  his  lifejacket  was  automatically  inflated,  he  floated  to  the 
surface  and  was  rescued. 

As  was  pointed  out  earlier,  the  need  for  the  development  of  ejec¬ 
tion  seats  was  brought  about  primarily  by  the  rise  in  aircraft  indi¬ 
cated  speeds  above  400  km/hr.  In  the  foreign  press  the  opinion  has 
frequently  been  stated  that  with  the  continued  rise  in  indicated  air¬ 
craft  velocities  the  ejection  seat  will  be  replaced  by  more  perfect 
escape  facilities  such  as,  for  example,  ejection  capsules  or  cockpits 
entirely  separable  from  the  aircraft. 

§2.  BRIEF  REVIEW  OP  STATISTICAL  DATA  ON  IMPIEMENTATION  OF  EJECTION  SEATS 

In  1957  the  statistics  of  USAF  experience  with  ejection  seats  were 
published.* 

These  data  on  the  results  of  ejection  involving  human  beings  are 
presented  in  Table  1  and  in  Fig.  1. 
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1)  Traumas;  2)  number  of  ejections;  3)  none;  4) 
minor;  5)  serious;  6)  fatal. 

As  we  can  see  from  Pig.  1,  the  percentage  of  unsuccessful  ejec¬ 
tions  rises  sharply  for  low  and  great  heights,  since  the  ejection  seats 
employed  by  the  USAF  at  that  time  were  poorly  adapted  for  heights  below 
300  ffl  or  for  operations  above  altitudes  of  10,000  m. 

The  average  percentage  of  unsuccessful  ejections  in  the  inter¬ 
mediate  range  of  altitudes  (about  20?^)  also  indicates  the  absence  of 
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total  safety  in  escajliits  from  an  aircraft 
under  emergency  conditions.  The  curve 
shows  that  up  to  a  certain  limit,  the 
greater  the  altitude,  the  fewer  ejection 
failures.  This  conclusion,  as  explained 
by  foreign  specialists,  indicates  that 
at  low  altitudes  too  much  time  Is  re¬ 
quired  to  actuate  the  parachute  systems 
and  that  the  reliability  of  the  automatic 
systems  Is  Inadequate  (as  a  matter  of 
fact,  the  time  required  for  the  normal  operation  of  the  automatic 
equipment  Is  too  long  for  the  time  available);  with  regard  to  high  al¬ 
titudes,  this  conclusion  Indicates  defects  In  the  parachute  system  and 
In  the  oxygen-supply  system. 

On  the  basis  of  the  data  presented  In  that  same  source,  the  num¬ 
ber  of  ejection  failures  In  the  case  of  an  aircraft  operating  In  a  non¬ 
steady  regime  (climbing.  In  a  spin,  turning,  spiral,  roll,  or  dive) 
amoiints  approximately  to  ^0^.  The  Increase  In  the  number  of  ejection 
failures  In  nonsteady  regimes  Is  explained  by  the  difficulty  which  the 
pilot  encounters  In  assuming  the  proper  Initial  position. 

Even  this  brief  review  of  the  statistical  data  pertaining  to 
flights  at  low  Indicated  velocities  (89^  of  the  ejections  were  carried 
out  at  velocities  below  750  km/hr),  shows  the  over-all  complexity  of 
the  problem  Involved  In  ensiiring  safety  In  emergency  ejection  from  a 
contemporary  aircraft. 

§3.  DIFFICULTIES  IN  ENSURING  EMERGENCY-EJECTION  SAFETY  IN  THE  CASE  OF 
A  MODERN  AIRCRAFT 

The  difficulties  In  ensuring  safety  In  emergency  escape  from  an 
aircraft  are  governed  by  the  following  set  of  circumstances. 


Fig.  1.  Number  of  fatal 
or  near-fatal  landings  as 
a  function  of  ejection 
height.  1)  Fatalities  and 
serious  injuries.  In 
2)  altitude.  In  meters. 
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1.  The  potentials  of  the  human  organism  which  restrict  the  toler¬ 
able  0  forces,  angular  velocity,  ram  pressure,  etc. 

Special  devices  make  it  possible  to  expand  the  range  of  tolerable 
limits,  but  the  design  of  such  devices  proves  to  be  extremely  con^)lex. 

2.  The  necessity  of  ln?)lementlng  safety  devices  over  a  wide  range 
of  altitudes,  velocities,  and  aircraft  attitude. 

In  terms  of  velocity  the  range  of  ejection-seat  Implementation 
lay,  for  example,  extend  from  300  to  1200  km/hr.*  The  aerodynamic 
’orces  operating  on  the  seat  change  by  a  factor  of  more  than  l6  over 
;hls  range.  This  complicates  the  possibility  of  stabilizing  the  seat 
it  the  indicated  velocities,  and  it  also  complicates  the  possibility 
)f  eliminating  the  harmful  effect  of  the  deceleration  forces  and  angu¬ 
lar  velocities  which  are  functions  of  the  ram  pressure. 

Taking  into  consideration  the  great  range  of  ejection-seat  imple- 
lentatlon  with  respect  to  altitude  (from  0  to  25,000  m),  we  find  it 
iscessary  to  coordinate  a  number  of  the  contradictory  requirements  Im- 
■osed  on  the  parachute  system.  For  example,  at  low  altitudes  it  is 
ecessary  to  have  the  main  parachute,  which  is  the  one  which  saves  the 
ndlvidual,  open  as  quickly  as  possible;  at  high  altitudes,  on  the 
ther  hand,  we  must  achieve  a  stabilized  rapid  descent  from  the  high 
Itltudes,  having  the  main  parachute  open  up  only  at  3-^  thousand 
eters. 

3.  The  necessity  of  more  complete  automation  of  the  escape  opera- 
ion,  taking  into  consideration  the  likelihood  of  loss  of  conscious- 
ass  (although  only  for  a  brief  period  of  time),  as  well  as  the  Im- 
r-oper  actions  of  the  individual.  In  practical  terms,  this  means  that 
.’ter  the  pilot  has  actuated  the  ejection  lever,  all  remaining  opera- 
-ona  must  proceed  Independently  of  the  pilot  in  the  required  sequence, 
th  regard  to  the  Intervals  that  depend  on  the  altitude  and  velocity 
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of  flight. 

4.  The  necessity  of  providing  manual  back-up  controls  for  opera¬ 
tions  executed  by  the  main  seat  mechanisms,  bearing  In  mind  that  In 
the  case  of  an  emergency  the  automatic  system  may  fall. 

5.  The  ejection  seat  must  provide  for  crew  safety  not  only  In  the 
case  of  aircraft  emergency,  but  In  the  case  of  a  forced  landing  which 
may  be  accompanied  by  considerable  longitudinal  acceleration.  If  In 
this  case  the  Individual  Is  not  adequately  strapped  to  his  seat,  he 
may  suffer  Injxiry  as  a  result  of  being  thrown  forward  against  the 
steering  column  or  the  Instimment  panel. 

6.  The  rescue  facilities  should  not  complicate  aircraft  control. 

The  evaluation  of  an  ejection  seat  from  the  standpoint  of  Its 

ability  to  satisfy  the  above -enximera ted  requirements  should  be  ap¬ 
proached  with  consideration  of  the  probability  (occurrence)  of  a  given 
type  of  emergency  situation.  For  example,  comparing  a  seat  ensuring 
100$^  safety  in  the  case  of  straight  flight  and  only  50^  In  the  case  of 
maneuvering  flight  with  a  seat  which  provides  15^  safety  under  all 
conditions,  we  should  give  our  preference  to  the  first  seat  since  ap¬ 
proximately  705^  of  all  ejection  occxars  imder  conditions  of  straight 
flight.  In  other  words,  with  mass  application  the  first  seat  will  pro¬ 
vide  emergency -eject  Ion  safety  In  855^  of  all  cases,  whereas  only  75/^ 
safety  can  be  achieved  with  the  second  seat.  Generally,  whenever  a 
range  of  implementation  la  Increased  by  an  even  Insignificant  Impair¬ 
ment  of  safety  conditions  It  becomes  extremely  Important  to  weigh  care¬ 
fully  whether  such  an  "Improvement"  will  not  lead  to  a  rise  In  ejection 
failiires. 

These  considerations  are  fully  applicable  to  the  problems  of  back¬ 
up  controls.  If  the  back-up  system  Impairs  the  basic  system  In  any  man¬ 
ner,  no  matter  how  alight.  In  the  majority  of  cases  It  Is  Inexpedient 
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to  employ  such  a  duplicate  system. 

DIRECTION  OP  ACCELERATION  EFFECT  WITH  RESPECT  TO  THE  HUMAN  BODY 

Without  going  Into  the  physiological  aspects  of  the  tolerance 
limits  for  a  human  organism  with  respect  to  acceleration  and  angular 
velocities^  we  will  present  the  maximum  tolerances  considered  accept¬ 
able  at  the  present  time. 

For  our  purposes  it  Is  sufficient  to  establish  four  directions  In 
which  the  0  forces  operate  with  respect  to  a  human  body,  and  these  are 
known  as  (Pig.  2);  1)  "pelvis-head";  2)  "head-pelvis";  3)  "chest-back"; 
4)  "back-chest." 

In  the  case  of  downward  ejection  the  0  forces  act  In  the  "pelvis- 
head"  direction;  when  catapulted  [ejected]  upward  the  Individual  ex¬ 
periences  Q  forces  In  the  "head-pelvis"  direction,  etc.,  l.e.,  always 
In  the  direction  opposite  to  acceleration. 

It  should  be  borne  In  mind  that  the  tolerable  G  forces  are  strong 
functions  of  the  duration  of  their  effect.  The  greater  the  diuratlon, 

the  lower  the  maximum  G-force  tolerance. 

Figure  3  shows  a  graph  of  the  maximum  G- 
force  tolerances  for  various  directions  as  a 
function  of  the  dwatlon  of  their  effect.* 

In  addition  to  the  limit  values  of  the  G 
forces.  It  Is  also  necessary  to  know  the  maximum 
value  of  the  angular  velocities  which  a  human 
being  can  withstand.  At  the  present  time  It  Is 
the  practice  to  hold  that  a  human  being  is  cap¬ 
able  of  withstanding  an  angular  velocity  of  up 
to  2  revolutions  per  second,  l.e.,  up  to  12.3 
radians  per  second.  When  we  speak  of  limit  values 
of  0  forces  In  a  given  direction  we  mean  the  maximum  value  of  the  G 


Fig.  2.  Basic  G- 
force  directions. 

1)  "Pelvis-head"; 

2)  "head-pel via"; 

—ViOrtlr**  • 


I 


chest-back  , 
"back-chest. " 
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Pig.  3«  Tolerable  G  forces  as  a  function  of  time.  1)  The  solid  lines 
Indicate  the  consciousness  boundary  for  the  given  nosltlon;  2)  experi¬ 
mental  data;  3)  "pel vis -head”;  4)  ”head-pelvls";  5;  "chest-back”  and 
"back-chest”;  6)  sec. 


Pig.  4.  Simultaneous 
effect  of  linear  G 
forces,  angular  ve¬ 
locity,  and  angular 
acceleration.  1) 
Center  of  gravity. 


force.  If  only  at  a  single  point  on  the  body. 
In  other  words,  with  the  simultaneous  effect 
of  linear  acceleration,  angular  acceleration, 
and  angular  velocity  the  maximum  local  value 
of  the  linear  acceleration,  beginning  from 
the  head.  Is  taken  as  the  theoretical  [maxi¬ 
mum]  magnitude. 

The  maximum  G  force  Is  determined  by  the 
following  formulas  (Pig.  4) 

• 
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In  the  general  case,  the  formulas  become  somewhat  more  complicated.  In 
all  doubtful  cases  the  engineer  should  not  make  use  of  the  solution 
without  consulting  with  a  medical  specialist. 

Vnien  we  refer  to  a  doubtful  case  we  have  in  mind  the  combined  ef¬ 
fect  of  linear  acceleration  and  rotation,  resulting  In  an  Irregular 
change  In  the  Q  forces. 

For  the  preliminary  evalxiatlon  of  the  tolerance  of  a  given  regime, 
it  is  also  necessary  to  take  into  consideration  the  rate  of  change  In 
the  0  forces.  The  maximum  permissible  rates  of  change  in  G  forces  are 
generally  assumed  to  be  equal  to  25O-300  per  second  In  the  direction 
"head-pelvis'*  and  500-600  per  second  In  the  direction  "back-chest"  and 
"cheat-back. " 

55.  EJECTION  SEAT  EQaiPMENT 

The  following  xuilts  (Pig.  5)  should  be  distinguished  on  the  basis 
of  ejection-seat  designation. 

f 

1.  The  actual  seat,  consisting  of  the  bucket,  backrest,  headrest, 
and  the  mechanism  for  regulating  the  relative  positions  of  these  In 
terms  of  the  pilot's  height. 

2.  Power  source  for  seat  operation  (firing  mechanism  and  reaction- 
thrust  booster),  imparting  an  Initial  linear  velocity  to  the  seat  that 
is  adequate  to  eliminate  the  possibility  of  colliding  against  the 
frame  of  the  aircraft. 

3»  Ram-pressure  protection  devices:  a  face  guard  visor  (a  curtain 
seat);  arm  and  leg  restraining  devices  to  prevent  the  arms  and  legs 
from  "flailing,"  and  from  the  Injury  and  pain  that  might  be  caused  by 
the  compression  of  the  extremities  to  the  seat  by  the  ram  pressure. 
Among  these  devices  we  should  also  Include  the  protective  (high -alti¬ 
tude)  clothing  (first  of  all,  the  helmet  and  boots). 

Seat  stabilization  xinlts,  which  provide  for  the  proper  posl- 
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Fig.  5*  Basic  devices  emploved  in  contemporary  ejection  seat.  1) 

Bucket  seat;  2)  backrest;  3)  headrest;  4}  firing  mechanism;  5)  visor; 

6)  device  to  restrain  arms;  7)  stabilization  panels;  8)  harness  straps; 
9;  para chute -system  container;  10)  seat  control  levers;  11)  separation 
mechanism.  ' 


tlon  of  the  seat  upon  its  entry  into  the  alrstream  and  limit  the  angu¬ 
lar  velocity  of  its  rotation.  These  include  the  stabilization  para¬ 
chute  (with  or  without  a  retractable  rod)  and  stabilization  panels 
(either  fixed,  or  extendable). 

Contemporary  ejection  seats  are  noted  for  their  relatively  high 


centers  of  gravity,  and  thus  without  stabilization  devices  they  tend 
to  turn  end  over  end.  This  is  an  Intolerable  situation  since  it  would, 
in  this  case,  be  impossible  to  actuate  the  parachute  system  and  the 
G  forces  act  in  a  useless  direction,  i.e.,  "pelvis-head." 

These  circumstances  made  it  necessary  to  Introduce  special  stabil¬ 
izing  devices  into  [ejection ]-seat  design. 

5-  Harness  and  suspension  systems  with  fast-action  releases,  to 
strap  the  man  to  the  seat  and  the  parachute  system. 

6.  The  forced-posture  system  provides  for  the  proper  position 
that  must  be  assumed  on  ejection  and  eliminates  the  dangerous  weakness 
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of  the  harness  system. 


7.  The  parachute  system,  generally  consisting  of  three  parachutes 
a)  a  stabilizing  parachute  which  provides  for  the  stabilization  of  the 
seat  at  the  Initial  Instant  of  time;  b)  a  brake  chute  (opening  when 
the  speed  of  the  seat  has  dropped  off  to  a  magnitude  permitting  the 
actuation  of  this  parachute)  which  ensures  a  stable  descent  from  great 
altitudes  to  heights  at  which  the  main  parachute  can  be  opened;  c)  the 
main  rescue  parachute  vdilch  Is  actuated  at  a  con^ratlvely  low  alti¬ 
tude  (where  It  Is  possible  to  exist  without  oxygen  equipment). 

Among  the  devices  eii^)loyed  In  the  parachute  system  we  should  also 
Include  the  following:  the  gims  which  release  the  first  and  occasion¬ 
ally  the  second  chutes^  and  the  spring  locks  which  connect  the  para¬ 
chutes  to  the  aircraft,  etc. 

8.  Hie  control  system.  This  is  an  automatic  system  which  provides 
for  the  normal  operational  sequence  of  all  units  and  the  properly 
timed  actuation  of  all  stages  of  the  parachute  system  after  pressure 
has  been  applied  against  a  single  lever;  the  backup  control  system 
maloes  possible  manual  actiuitlon  of  the  most  Important  links  of  the 
crew-rescue  system  (the  release  of  the  pilot  or  main  parachute,  sepa¬ 
ration  of  the  Individual  from  the  seat,  etc.). 

The  block  and  release  functions  which  eliminate  possible  errors 
in  seat  control  are  also  Included  In  the  control  system;  under  unusual 
clrcxmistances  these  functions  might  permit  an  unusvial  sequence  of  op¬ 
erations  to  occ\ar  (for  example,  ejection  throxigh  the  canopy). 

In  order  to  reduce  the  force  required  to  actiiate  the  control 
levers  of  the  ejection  seat.  In  many  cases  It  becomes  necessary  to  In¬ 
corporate  amplification  devices,  l.e.,  mechanical  or  pyrotechnlcal. 
These  must  also  be  Included  as  part  of  the  control  system. 


9»  The  oxygen  supply  system  has  a  separation  device  vrtilch  Inl- 
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tlally  releases  the  seat  from  the  aircraft,  then  releases  the  man  from 
the  seat,  and  switches  the  supply  of  oxygen  from  the  on-board  system 
to  the  emergency  system  carried  by  the  man. 

The  portable  emergency  kit  which  should  provide  for  the  well-being 
and  safety  of  an  Individual  after  landing  (or  ditching  In  the  sea) 
should  also  be  Included  In  this  equipment  grouping. 

10.  Auxiliary  units  which  provide,  for  example,  for  the  raising 
or  lowering  of  the  seat  (to  facilitate  entry  Into  or  exit  from  the 
aircraft)  or  the  shifting  of  the  seat  in  the  forward-backward  direc¬ 
tion  (to  facilitate  access  to  control  and  communications  equipment)  or 
changing  the  angles  of. seat  position  (to  place  the  seat  In  a  position 
that  Is  convenient  from  the  standpoint  of  resting).  Depending  on  the 
engineering  flight  data  for  the  aircraft,  certain  seat  \anlts  may  be 
lacking  or,  conversely,  the  seat  may  have  been  equipped  with  additional 
special  xinlts. 

§6.  PROCErURE  FOR  ABANDONMENT  OF  CONTEMPORARY  AIRCRAFT  UNDER  EMERGENCY 
CONDITIONS 

Figxire  6  shows  the  procedures  Involved  Ir  the  emergency  evacuation 
of  a  f.ontemporary  aircraft.  The  pilot,  having  decided  to  abandon  the 
aircraft,  must  assvune  a  particular  position,  depending  on  the  type  of 
ejection  seat  employed.  Figure  7  shows  the  three  most  commonly  em¬ 
ployed  positions,  l.e.,  "liands  on  curtain";  "hands  on  handrails";  and 
"hands  on  center  hold."  In  all  cases  the  pilot's  hands  are  positioned 
on  a  specific  lever.  After  the  actiiatlon  of  this  particular  lever,  the 
following  operations  must  be  carried  out  In  sequence: 

1)  the  accuatlon  of  the  compulsory-position  harness,  correcting 
the  pilot's  posture.  If  Incorrect,  and  taking  up  the  slack  in  the  har¬ 
ness; 

2)  Jettisoning  of  canopy; 
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Pig.  6.  Basic  stages  In  emergency  ejection  procedure,  a)  Instant  of 
ejection  (stabilizing  oarachute  fills  out  at  the  Instant  that  the  seat 
leaves  the  guide  rails;;  b)  opening  of  brake  [pilot]  Mrachute  (free¬ 
ing  of  stabilizing  parachute  by  automatic  release);  cj  stabilized  de¬ 
scent;  d)  pilot  chute  pulls  main  canopy  out;  e)  filling  out  of  main- 
parachute  canopy. 


Fig.  7.  Positions  prior  to  ejection,  a)  Hands  on 
Ciirtaln;  b)  hands  on  handrails;  c)  hands  on  cen¬ 
ter  hold. 


3}  acttiatlon  of  firing  mechanism; 

4)  actTiatlon  of  arm  and  leg  restraining  devices,  these  preventing 
the  extremities  from  "flailing”  In  the  alrstream; 

5)  as  the  seat  moves  along  the  guide  rails,  prior  to  the  Instant 
at  irtilch  the  seat  leaves  the  cockpit,  the  first  stabilizing  parachute 
must  be  ejected  or  the  stabilizing  panels  must  be  extended  (the  stabil¬ 
izing  parachute  Is  generally  ejected  by  means  of  a  special  pyrotechnic 
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device,  l.e.,  "a  g\in");  stabilization  in  the  first  instant  after  ejec¬ 
tion  of  the  seat  into  the  airstream  is  an  absolute  necessity  in  order 
to  ensxire  the  required  seat  position  until  the  start  of  the  following 
operation  (the  ejection  of  the  following  parachute),  in  order  to  pre¬ 
vent  Intolerable  angular  velocities  and  in  order  to  keep  the  seat  from 
turning  end  over  end.  The  required  degree  of  stabilization  can  be 
achieved  without  stabilizing  devices,  by  keeping  the  center  of  gravity 
for  the  seat  and  the  pilot  sufficiently  low,  but  structurally  this  is 
not  always  possible  and  for  this  reason  it  is  necessary  to  stabilize 
the  seat  with  panels,  a  parachute,  or  a  combination  of  the  two; 

6)  the  combined  action  of  the  panels  and  the  stabilizing  para¬ 
chute  should  provide  for  the  stabilization  of  the  seat  and  limit  the 
maximum  speed  of  rotation  over  a  period  of  time  adeqiiate  to  reduce  the 
velocity  of  the  seat  to  500-600  km/hr; 

7)  at  this  speed  the  brake  [pilot]  parachute  should  be  actuated, 
this  chute  providing  for  a  stabilized  descent  to  heights  of  3-^  thou¬ 
sand  meters  (stabilized  descent  from  high  altitudes  is  necessary, 
since  the  extended  turning  in  an  uncontrolled  free  fall  may  result  in 
serious  consequences  for  the  parachutist); 

8)  upon  attainment  of  the  required  altitude,  the  main  parachute 
is  pulled  out  and  the  harness  releases  binding  the  pilot  to  the  seat 
are  opened;  the  pilot  leaves  the  seat  and  descends  to  the  ground  by 
means  of  his  parachute. 

A  portable  emergency  kit*  is  frequently  made  part  of  the  suspen¬ 
sion  system;  this  kit  contains  all  of  the  materials  required  to  provide 
for  first  aid  and  sustenance  for  several  days  (it  Includes  food  sup¬ 
plies,  medical  supplies,  communications  facilities,  a  boat,'  skis,  hunt¬ 
ing  and  fishing  equipment,  etc.).  This  NAZ  [portable  emergency  kit] 
must  be  capable  of  maintaining  an  individual  under  the  most  varied  of 
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conditions,  i.e.,  in  forests,  deserts,  at  sea,  etc. 

In  each  specific  case  the  above-cited  procedure  of  ejection  may 
be  altered  slightly,  but  In  the  general  case  all  of  the  above-indicated 
elements  of  the  ejection  system  must  be  Incorporated  In  the  design  of 
a  contemporary  ejection  seat. 

In  an  ideal  case  all  ejection  procedures  must  be  executed  auto¬ 
matically,  in  the  proper  sequence. 

Generally,  the  most  Important  links  of  this  system  are  provided 
with  manual  back-up  controls.  In  the  majority  of  cases  the  device  to 
release  the  pilot  from  the  seat  Is  duplicated  (manual  release)  and 
d\q;>licate  controls  are  also  provided  for  the  ejection  of  the  brake 
[pilot]  or  main  chutes.  The  backup-system  makes  It  possible  for  a  mem¬ 
ber  of  the  aircraft  crew  to  eject  the  pilot  chute  In  the  event  that 
the  stabilizing  chute  or  Its  releases  fall  to  function  properly,  or  he 
can  caxise  the  billowing  out  of  the  canopy  of  the  main  parachute  In  the 
event  that  any  or  all  of  the  elements  of  the  safety  system  which  should 
come  into  play  prior  to  the  opening  of  the  main  parachute  falls  to 
function. 

The  most  reliable  procedure  Is  providing  a  back-up  control  for 
the  ejection  of  the  main  parachute,  l.e.,  duplicating  the  concluding 
link  of  the  rescue  system. 

57.  CLASSIFICATION  OP  EJECTION  SEATS 

The  classification  of  contemporary  [ejection]  seats  has  not  yet 
been  fully  established  and  for  this  reason  It  la  only  tentative  In 
nature  In  the  present  work. 

Conteoqporary  ejection  seats  may  be  classified  In  accordance  with 
a  variety  of  indicators. 

[Ejection]  seats  are  frequently  classified  according  to  aircraft 
type  for  which  they  are  Intended,  l.e.,  distinctions  are  made  between 
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seats  for  fighter  and  bomber  aircraft,  and  these  In  turn  are  divided 
Into  seats  for  pilots,  navigators,  etc. 

Ejection  seats  for  fighter  aircraft  are  the  simplest,  since  they 
are  Intended  for  use  over  only  a  comparatively  short  period  of  time. 

The  design  for  bomber  seats  In  which  crew  members  must  spend  many  hours 
must  provide  for  a  rest  position,  l.e.,  provision  must  be  made  for 
changing  the  angle  of  the  seat,  and  In  the  case  of  certain  specific 
crew  members  (the  navigator,  the  gunner,  and  the  radio  operator),  pro¬ 
vision  must  be  made  moreover  for  shifting  the  seats  In  the  longitudinal 
direction  or  for  rotating  them  about  the  vertical  axis.  In  certain 
cases  the  seat  must  simultaneously  serve  as  a  lift,  l.e., 'It  must  pro¬ 
vide  for  vertical  shifting. 

Seats  are  distinguished  on  the  basis  of  ejection  direction,  l.e., 
up  and  down.  Downward  ejection  raises  the  minimum  height  of  safe  ejec¬ 
tion  and  makes  It  Impossible  to  achieve  rescue  In  the  event  of  a  take¬ 
off  emergency.  However,  we  have  encountered  cases  (with  long  fuselage 
lengths  and  great  flight  velocities)  In  which  downward  ejection  la  the 
simplest  method. 

I 

As  has  already  been  pointed  out,  seats  are  dlstlngula|hed  on  the 
basis  of  the  position  assumed  by  a  crew  member  prior  to  ejection. 

Until  very  recently  the  positions  Involved  "hands  on  handrails" 
or  "hands  on  curtain,"  but  now  there  Is  also  the  position  of  "hands  on 
the  center  lever. " 

The  curtain  is  Inconvenient  in  the  case  of  flight  Involving  the 
use  of  special  helmets;  flight  at  great  altitudes,  however,  demands 
that  the  pilot  wear  an  airtight  helmet.  Therefore,  the  ctirtaln  seat  Is 
not  employed  at  great  altitudes.  The  position  "hands  on  center  lever" 
makes  It  possible  to  reduce  the  dimensions  of  the  seat  somewhat  and 
also  facilitates  the  extent  to  which  the  effect  of  the  ram  pressure 
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san  be  withstood. 

Seats  can  also  be  classified  on  the  basis  of  the  parachute  systems 
anployed,  l.e.«  multistage,  two>stage  (without  stabilizing  or  pilot 
parachutes),  or  even  single  stage. 

The  most  coranon  forms  of  operational  parachute  storage  are  the 
I’ollowlng: 

a)  In  the  bucket  of  the  seat; 

b)  "soft"  storage,  directly  In  the  backrest  of  the  seat; 

c)  parachute  storage  In  rigid  container  behind  the  backrest  of 
;he  seat; 

d)  the  pilot's  back  [seat]  pack  parachute. 

Combined  versions  of  the  foregoing  are  encountered,  for  example, 
/here  a  portion  of  the  system  is  carried  In  a  rigid  container,  while 
he  remainder  Is  placed  In  the  bucket  portion  of  the  seat,  etc. 

On  the  basis  of  control  systems.  [Ejection]  seat  control  may  be 
anual  In  which  case  all  operations  are  carried  out  through  the  appll> 
atlon  of  human  muscular  force;  mechanical  control  Involves  the  appll- 
atlon  of  muscular  force  against  spring  boosters  (tensioned  In  advance) 
hleh  carry  out  the  required  operations;  and  finally,  there  are  pyro- 
echnlcal  devices  In  which  the  hxanan  being  has  only  to  explode  a  car> 
ridge,  with  all  of  the  work  being  carried  out  by  the  system  of  pyro- 
eoheunlsBm. 

We  frequently  encoiinter  a  combined  system  In  which  manxial  drive 
3  ecmblned  with  pyrotechnlcal  mechanisms. 

According  to  the  stablllzatlMi  system.  There  are  cases  In  which 
ajeotion]  seats  are  stabilized  by  fixed  or  extendable  panels  (the 
Lxsd  panels  Increase  the  dimensions,  cannot  always  be  accommodated  In 
iS  cockpit,  and  they  Impair  the  view  In  back)  and  stabilization  by 
■ana  of  a  special  parachute  Installed  either  directly  In  the  back  of 
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the  seat  or  on  a  retractable  rod  (to  Increase  the  moment). 

According  to  the  harness  systems.  There  are  two  types  of  harness 
systems,  l.e.,  composite  and  separate.  With  a  composite  harness  system 
the  same  straps  are  used  to  strap  the  man  to  the  seat  (the  harness  sys¬ 
tem)  and  to  the  parachute  (the  suspension  system).  Despite  the  advan¬ 
tages  of  the  composite  system,  separate  harness  systems  continue  to  be 
used. 

According  to  the  devices  to  protect  extremities  against  flailing 
as  a  result  of  ram  pressure.  These  devices  are  classified  as  "hard” 
when  Involving  solid  restraining  means  and  ’’soft"  when  restraint  Is 
achieved  by  means  of  a  soft  capron  stretchable  net  at  the  sides  of  the 
seat  dvirlng  the  ejection  (Fig.  8). 


Pig.  8.  Soft  protection  (a)  and  hard  arm  re¬ 
straint  (b),  to  prevent  flailing  of  arms  as  a 
result  of  ram  pressure. 

According  to  the  method  of  protecting  the  head  (face)  from  the 
alrstream,  we  can  distinguish  the  method  of  a  soft  curtain  (In  this 
case  the  pulling  down  of  the  curtain  releases  a  signal  to  actuate  the 
firing  mechanism)  and  the  method  Involving  protection  by  means  of  a 
helmet  (Pig.  9).  Finally,  hypothetically  we  can  Imagine  that  the  canopy 
Is  not  Jettisoned  on  ejection  and  the  seat,  turned  to  the  proper  posi¬ 
tion,  Is  separated  together  with  the  canopy  (Fig.  10). 
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9»  Varloufi  in6tiiods  of  pro~ 
tec ting  the  face  against  ram 
presatore.  a)  Curtain;  b)  helinet. 


Sf;  •••*  t® 
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In  order  to  protect  the  face  we  can  also  employ  complete  or  par¬ 
tial  encapsulation. 

It  Is  the  opinion  of  foreign  specialists  that  the  systems  of 
"hard"  protection  exhibit  two  significant  drawbacks,  l.e.,  they  make 
It  difficult  to  separate  the  man  from  the  seat  and  they  Increase  the 
complexity  of  the  harness  system.  In  the  case  of  "hard"  protection  of 
the  face  or  of  the  entire  body  the  ram  pressvire  will  not  act  aga'lnst 
the  man  to  press  him  back  Into  the  seat  and,  consequently,  the  man 
will  rise  In  the  straps  of  the  harness  system  imder  the  action  of  de¬ 
celeration  0  forces.  Since  the  area  of  the  harness  system  la  consider¬ 
ably  smaller  than  the  area  swept  by  the  alratream,  specific  pressure 
rises.  However,  It  Is  particularly  difficult  In  this  case  to  protect 
the  head  against  being  forward  vigorously. 


Pig.  11.  Effect  of  protective  deflector  In  the 
case  of  flow  past  a  model  D  seat,  a)  Without 
deflector;  b)  with  deflector. 

It  Is  possible  to  protect  a  human  being  against  the  effects  of 
ram  pressure  In  the  case  of  flights  at  high  speeds  (with  M  >  2)  by 
setting  up  an  artificial  system  of  shock  waves.  In  order  to  produce 
these  shocks  in  front  of  the  seat  (Pig.  11)  a  deflector  panel  Is  ex¬ 
tended  on  a  special  rod  to  produce  a  system  of  shocks  behind  vrtilch  the 
ram  pressure  Is  reduced,  producing  a  rise  In  static  pressure.*  Ihls 
method  is  Inadequately  effective  for  low  M(ach)  numbers  and  high  ram 
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pressures,  and  such  a  system  should  generally  be  capable  of  effecting 
rescue  over  the  entire  range  of  velocities  and  altitudes.  It  Is  also 
possible  to  eo^loy  a  method  of  canopy  protection. 

A  brief  review  of  the  various  structxiral  and  basic  solutions  which 
confront  the  designer  of  an  ejection  seat  Indicate  the  difficulty  of 
classifying  contemporary  [ejection]  seats  and  further  point  up  the 
rather  extensive  arsenal  of  means  frcmi  which  the  designer  must  decide 
upon  the  most  appropriate  selection. 

During  the  planning  stage  the  designer  must  take  Into  considera¬ 
tion  about  20  Interrelated  questions: 

1)  the  type  of  aircraft  ( 'Ighter,  bomber,  etc.),  for  which  the 
particular  [ejection]  seat  Is  Intended; 

2)  the  operating  conditions  for  a  given  crew  member  (pilot,  navi¬ 
gator,  etc.); 

3)  the  velocity  and  altitude  at  which  ejection  Is  a  possibility; 

4)  the  position  which  a  pilot  must  assume  prior  to  ejection; 

5)  the  weight  of  the  seat.  Its  centering,  £uid  the  moments  of  In¬ 
ertia  with  respect  to  the  x,  and  z  axes; 

6)  adjustment  of  seat  according  to  pilot  height; 

7)  desired  width  of  emergency  cockpit  exit; 

8)  velocity  and  acceleration  impcurted  to  the  seat  by  the  firing 
msotianlsai; 

9)  seat  stabilization  system; 

10)  "hard”  or  "soft"  protection  for  aroB  and  legs; 

11)  face  protection  (curtain,  lielmst,  "hard”  guard); 

12)  ejection  control  (manual,  mechanical,  pyrotechnlcal,  combined, 
actuated  with  curtain,  by  handrails,  or  with  center  lever);  are  manual 
baek-tq;»  systems  possible?; 

13)  the  parachute  system  (1-,  2-,  or  3-stage,  ejected  by  sisans  of 
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a  gun  or  a  spring  lock); 

14)  the  possibility  of  backing  up  the  [parachute]  ejection  (2nd 
or  3rd  stage) ; 

15)  storing  of  parachutes  In  a  container.  In  the  seat  bucket,  on 
the  person; 

16)  compulsory  positioning; 

17)  the  existence  of  and  operational  life  of  the  parachute  oxygen 
equlpnent; 

18)  the  presence  of  and  position  of  the  portable  emergency  kit 
(In  the  seat  or  on  the  back); 

19)  the  pilot's  hlgh-altltude  equipment  (a  spacesult,  a  pressxire 
suit,  flight  clothing); 

20)  additional  mechanisms  (blocking  devices,  the  mechanism  for 
the  shifting  of  the  seat  within  the  aircraft). 

§8.  EJECTION-SEAT  TESTING 

It  follows  from  the  above  that  the  ejection  seat  used  at  low  and 
high  altitudes  In  the  case  of  flight  velocities  In  excess  of  1000  km/hr 
(Indicated)  Is  one  of  the  most  con?>lex  units  In  a  contemporary  air¬ 
craft.  The  operational  failure  of  any  element  of  the  seat,  beginning 
with  the  firing  mechanism  and  ending  with  any  of  the  harness  releases, 
may  produce  fatal  results.  Each  element  of  the  seat,  each  unit  of  the 
seat,  must  be  subjected  to  verification  calculations  and  laboratory 
tests,  and  the  entire  seat  must  be  tested  on  special  test  equipment 
simulating  flight  conditions. 

It  Is  the  world-wide  practice  of  testing  ejection  seats  with:  1) 
a  vertical  catapult  which  makes  It  possible  to  check  on  the  fxanctlonlng 
of'  the  firing  mechanism,  the  exit  of  the  seat  from  the  coclqplt,  and 
the  effect  of  vertical  acceleration  on  the  seat  (Pig.  12); 

2)  in  a  wind  tunnel.  In  which  the  seat  la  swept  by  a  flow  exhlblt- 
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Pig.  12.  Vertical  ejection  Instal¬ 
lation  to  test  the  effect  of  ejec¬ 
tion  0  forces. 


Fig.  13.  Seat  with  duniny 
in  wind  tunnel. 


Pig.  14.  High-speed  sled  with  react  ion- thrust  engines  to  test  ejection 
seats.  1)  Ounoy;  2)  reaction-thrust  booster;  3}  sled;  4)  guide  rails; 
3)  runners;  6)  tie  plates. 


ing  realistic  ram-pressure  values  (Fig.  13); 

3)  with  a  special  sled  capable  of  developing  realistic  horizontal 
accelerations  and  (desirably)  velocities  (Fig.  l4). 

All  teats  carried  out  on  these  installations  are  first  performed 
with  duniles  and  then  with  h\mian  beings.  After  the  successful  passage 
of  ground  testsj  the  seat'nmst  be  subjected  to  conclusive  tests^  i.e., 
flight  teats.  As  in  the  case  of  ground  test  ins ta 11a t ions j  the  flight 
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tests  are  initially  carried  out  with  dunirales  and  then  with  htunan  be¬ 
ings.  Only  after  having  passed  all  the  tests  and  after  a  determination 
has  been  made  of  the  factors  which  might  produce  high  or  low  tempera¬ 
tures  and  vibration  regimes  In  the  aircraft  can  the  seat  be  considered 
operational.  A  unique  featvire  of  the  seat  In  conQ)arlson  with  other 
aircraft  units  Is  the  fact  that  It  remains  operational  throtjghout  Its 
entire  service  life  without  ever  being  used  under  emergency  conditions 
If  on  the  basis  of  the  remaining  aircraft  assemblies  we  obtain  Informs 
tion  dtirlng  the  operational  process  with  respect  to  defects  and  malad¬ 
justments  and,  consequently,  with  respect  to  the  need  of  adjusting  or 
repairing  an  assembly,  the  seat  may  for  the  first  time  be  employed  as 
a  safety  measxire  even  a  short  period  prior  to  the  completion  of  Its 
service  life.  Thus  the  designer  must  provide  as  well  for  a  reliable 
system  of  checking  on  the  efficiency  of  the  entire  seat  as  a  safety 
device,  and  this  applies  equally  to  all  assemblies  of  the  seat. 
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[Footnotes] 


1  For  a  detailed  discussion  of  this  point  see  Armstrong, 

Aviatsionnaya  meditslna,  XL  [Aviation  Medicine,  Forel^  Lit¬ 
erature  Press],  195^J  Voprosy  avlatslonnoy  medltslny  [Prob¬ 
lems  in  Aviation  Medicine],  IL,  193^;  Qeratevol',  Pslkiiolo- 
glya  cheloveka  v  polete  [The  Psychology  of  Man  in  Plight], 
IL,  1956;  K.  Platonov,  Chelovek  v  golete,  Voyenizdat  [Man  in 
Plight,  Military  Press],  1957. 

3  "Aero-Revue,"  1959*  February. 

4  Aviation  Medicine,  1957,  Ifo.  1,  pages  69-73. 

6  We  have  reference  here  to  indicated  speed. 

8  Z.  Oeratevol',  Psikhologlya  cheloveka  v  polete,  IL,  I956. 

13  Known  as  NAZ  in  abbreviated  form. 

21  "Aviation  Week,"  1956,  October.  "Flight,"  1956,  November. 

"Interavla,"  1957,  February. 
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Chapter  9 

HIGH-ALTITUDE  AND  PROTECTIVE  EQUIPMENT 
§1.  GENERAL  REMARKS 

Individual  contemporary  hlgh-altltude  and  protective  equipment 
for  aircraft  crew  members,  as  follows  directly  from  the  designation, 
is  Intended  for  the  protection  of  an  Individual: 

1)  against  a  lack  of  oxygen  and  reduced  barometric  atmosphere 
pressure; 

2)  against  the  ram  pressure  of  the  air  In  the  case  of  ejection; 

3)  against  the  effects  of  low  temperatures; 

against  the  effects  of  radiation  energy  and  high  air  tempera- 

ttires; 

5)  against  the  effects  of  acceleration  (G  forces),  arising  In  the 
case  of  curvilinear  flight  during  aircraft  maneuvering; 

6)  against  the  Individual’s  head  accidentally  being  struck  during 
the  execution  of  maneuvers  by  the  aircraft.  In  the  case  of  forced 
landings,  or  when  the  landing  Is  rough. 

Moreover,  the  complex  of  Individual  equipment  should,  If  neces¬ 
sary,  provide  for  sea-rescue  requirements,  protection  against  exces¬ 
sive  cold  In  the  water,  and  scMne  food  reserve  and  signaling  facilities 
in  the  event  that  the  aircraft  Is  forced  down  over  water  or  a  desert. 

In  conjunction  with  the  oxygen-breathing  and  special  equipment, 
the  following  forms  of  Individual  equipment,  used  In  a  variety  of  com¬ 
binations  with  each  other.  In  some  measure  satisfy  the  above -enumerated 
basic  requirements: 
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1)  hi^-altltude  0  suits; 

2)  hlgh-altltude  pressure  space  suits; 

3)  clloatlzed  [ventilated]  suits; 

4)  antigravity  devices; 

3)  protective  heljnets; 

6)  water  survival  suits; 

7)  portable  emergency  kit. 

Hlgh-altltvide  0  and  pressure  suits  are  used  to  protect  against 
the  harmfvQ.  effects  of  low  barometric  pressure  and  oxygen  starvation. 
Cllaiatlzed  [ventilated]  suits  supplied  with  conditioned  air  are  used 
to  protect  the  human  body  against  both  low  and  high  temperatures.  Anti 
gravity  [acceleration]  devices  reduce  the  harmful  effect  of  prolonged 
acceleration  In  the  head-to-pelvls  direction.  Protective  helmets  ( in¬ 
cluding  the  airtight  helmets  of  pressure  and  Q  suits)  protect  the 
pilot's  head  against  ram  pressure  and  accidental  impact.  Moreover^  the 
protective  helmet  significantly  diminishes  the  effect  of  radiated  heat 

nie  designation  of  the  water  survival  suit  is  self-evident  (con¬ 
currently  we  note  that  the  high-altitude  pressure  suit  can  also  be  em¬ 
ployed  for  stxrvlval  in  the  sea). 

Ihe  portable  emergency  kit  may  be  fitted  out  with  various  food 
products,  distilled  water,  coamxinlcatlons  and  signaling  facilities, 
medication,  fishing  or  hunting  accessories,  etc.,  depending  on  the 
geographic  region  In  which  the  aircraft  is  operating. 

In  order  to  satisfy  all  the  operational  requirements.  It  is  nec¬ 
essary  to  employ  simultaneously  several  types  of  equipment  such  as, 
for  example,  a  pressvire  suit,  an  antigravity  suit,  and  a  portable  emer 
gency  kit.  The  selection  of  a  given  type  of  equipment  depends  on  the 
specific  operational  conditions,  on  the  altitude,  velocity,  and  the 
duration  of  flight.  In  ordt.r  properly  to  understand  the  operational 
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principles,  the  area  of  application,  and  the  potentials  of  the  protec¬ 
tive  equipment,  we  must  have  some  Idea  as  to  the  Influence  of  the  phys¬ 
ical  conditions  of  flight  on  the  human  organism. 

Below  we  present  a  very  brief  account  of  the  Influence  exerted  by 
high  altitude  on  the  organism.  The  effect  of  acceleration,  temperature, 
and  ram  pressure  will  be  examined  In  the  description  and  evaluation  of 
the  corresponding  protective  equipment. 

§2.  EFFECT  OF  HIGH-ALTITUDE  CONDITIONS  ON  THE  HUMAN  ORGANISM* 


Oxygen  Starvation 

The  oxygen  content  In  the  atmosphere  amounts  to  21^  by  volume  and 
ren^lns  constant  to  altitudes  of  70-90  km.  Air  pressure  diminishes 
rapidly  with  Increasing  altitude  and  In  relation  to  the  groxind  air 
pressure  Is  as  follows: 

at  an  altitude  of  5500  m .  1/2 

at  an  altitude  of  8500  m .  l/3 

at  an  altitude  of  12,000  m .  1/5 

•Above  15  km,  from  the  physiological  standpoint,  flight  conditions 
In  terms  of  partial  oxygen  pressure  are  virtually  equivalent  to  flight 
In  |lnterplanetary  space. 

I  ^ 

The  hviman  organism  requires  a  continuous  supply  of  oxygen.  The 
oxygen  enters  the  blood  through  the  lungs,  and  to  malce  room  carbon  di¬ 
oxide  la  liberated  from  the  blood.  In  a  state  of  rest  a  human  being 
executes  15-16  breathing  cycles  per  minute.  Inhaling  approximately  0.5 
liters  of  air  with  each  breath.  In  the  case  of  physical  work,  depend¬ 
ing  on  Its  Intensity,  the  Inhalation  rate  Increases  to  20-25,  and  the 
average  Intake  volume  reaches  1.5-2  liters.  The  total  volume  of  air 
Inhaled  in  a  single  minute  (equal  to  the  product  of  the  number  of  In¬ 
halations  by  the  volume  of  a  single  Inhalation)  la  known  under  the 
heading  of  lung  ventilation.  The  Interrelationship  between  lung  ven- 
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Wlf.  168.  The  tnterrelatlonahlp  between  lung  ventilation.  Intensity  of 
work,  the  quantity  of  oxygen  required,  the  liberation  of  carbon  diox¬ 
ide,  noieture,  and  heat.  For  a  flight  crew  it  is  assumed  that  the  av¬ 
erage  work  corresponds  to  lung  ventilation  of  15  liters  per  minute, 
while  heavy  work  corresponds  to  30  liters  per  minute.  1)  Liberation  of 
heat  In  tasal/hr  and  moisture  in  g/hr;  2)  rest  (lying  down);  3)  rest 
(standing);  4)  conditionally  easy  work;  5)  light  work  (shop);  6)  walk¬ 
ing,  4,8  km/hr;  7)  conditionally  medium  work;  8)  hard  work  (shop);  9) 
hard  work  (shop);  10)  very  intensive  work  (shop);  11)  liberation  of 
heat;  12)  liberation  of  HgO;  13)  absorption  of  Og  and  liberation  of 

COg  in  standard  liters  per  minute;  14)  absorption  of  Og;  15)  libera¬ 
tion  of  COg;  16)  lung  ventilation,  liters  per  minute. 


tilatlon,  intensity  of  work,  the  quantity  of  oxygen  required,  the  lib¬ 
eration  of  carbon  dioxide  (COg),  heat,  and  moisture  is  presented  in 
Pig,  168,  The  curve  showing  the  generation  of  heat  is  given  for  the 
temperature  interval  between  10  and  24 ®c.  With  a  change  in  teii^)erature 
from  24  to  45°,  the  rise  in  the  generated  heat  in  a  state  of  rest 
amounts  to  15$^. 

Under  normal  conditions  a  man's  breathing  is  relatively  shallow 
and  after  an  ordinary  expiration  as^roxlmately  2.5  liters  of  air  remain 


In  the  lungs.  This  air,  known  as  alveolar  air,  contains  14.5  +  0.5J^ 
oxygen  and  5*5  +  0.85^  carbon  dioxide.  The  Indicated  tolerances  corres 
pond  to  the  varying  Intensity  of  the  work  performed. 


As  early  as  during  the  second  half 
of  the  last  centxory,  the  physiologists 
Pol'  Ber  [sic]  and  I.M.  Sechenov  estab¬ 
lished  that  the  oxygen  saturation  of  the 
blood,  which  Is  a  function  of  the  par¬ 
tial  oxygen  pressure  In  the  alveolar  air, 
rather  than  of  Its  percentage  content  In 
the  blood.  Is  of  decisive  Importance  for 
the  state  of  the  organism  and  the  well¬ 
being  of  a  hroman  being  at  high  altitudes. 

The  process  of  oxygen  Intake  Is  one 
which  Involves  the  diffusion  of  this  gas 
through  the  walls  of  the  pulmonary  al¬ 
veoli  which  are  covered  with  a  dense 
network  of  blood-carrying  capillaries. 


Pig.  169.  The  Interrela¬ 
tionship  between  partial 
oxygen  and  carbon-dioxide 
pressures  In  the  alveolar 
air,  oxygen  satviratlon  of 
the  blood,  and  flight  al¬ 
titude.  The  dashed  lines 
In  the  lower  graph  cor¬ 
respond  to  a  regime  of 
hyperventilation.  1)  Oxy¬ 
gen  satijratlon  of  hemo¬ 
globin  In  2)  permis¬ 
sible;  3)  Inadequate;  4) 
fatal;  5)  breathing  oxy¬ 
gen;  6]  breathing  pure 
air;  7)  flight  altitude. 
In  km;  8)  partial  oxygen 
pressure  P02  and  partial 

carbon-dioxide  pressure 
PCO2  alveolar  air,  in 

mm  Hg. 


The  Incoming  oxygen  combines  with  the 
hemoglobin  of  the  red  corpuscles  and  Is 
distributed  by  the  circulation  of  the 
blood  to  all  cells  of  the  organism.  It 
has  been  established  that  satisfactory 
functional  htunan  efficiency  Is  achieved 
only  If  the  oxygen  sat\jratlon  of  the  ar¬ 
terial  blood  Is  no  less  than  8051S. 

In  the  upper  half  of  Pig.  I69  we 
can  see  the  results  of  experiments  car¬ 
ried  out  by  the  physiologist  Dzh.  Bar- 
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kroft  (bIc]  (confirmed  by  other  researchers  as  well),  and  these  Indi¬ 
cate  the  relationship  between  the  ojgrger  saturation  of  the  hemoglobin 

and  the  partial  oxygen  and  carbon-dioxide  pressi-irea  in  the  alveolar 

•% 

air.  We  can  see  from  these  curves  that  with  partial  oxygen  pressures 

of  100  mm  Hg  and  a  partial  carbon-dioxide  pressure  of  40  mm  Hg,  the 

oxygen  saturation  of  the  arterial  blood  amounts  to  96jg;  in  the  case  of 

an  oxygen  pressiire  of  50  mm  Hg,  the  oxygen  saturation  of  the  arterial 

blood  amoTuits  only  to  80$^.  With  a  continued  drop  in  the  partial  oxygen 

pressure,  the  oxygen  saturation  of  the  blood  drops  off  sharply. 

* 

Water  vapors  always  saturate  the  lungs  at  a  constant  partial  pres¬ 
sure  of  47  mm  Hg  at  a  body  tempera t\ire  of  37°C,  since  the  tension  of 
the  water  vapors  is  a  function  only  of  the  temperature  and  is  inde¬ 
pendent  of  pressure. 

The  partial  pressure  of  the  carbon  dioxide  in  the  lungs  at  ground 
level,  given  a  carbon-dioxide  concentration  of  5.5J^,  amounts  to 

_  (7»-47)5,6  aQo 

Pco,"^ — — — —39.2  mm  Hg. 

With  increasing  altitude,  this  quantity  in  the  majority  of  indi¬ 
viduals  gradually  diminishes  to  35-20  mm  Hg  (see  the  lower  portion  of 
Pig.  169).  The  factor  responsible  for  this  reduction  is  the  Increase 
in  the  lung  ventilation,  the  so-called  hyperventilation  which  leads  to 
the  flushing  of  the  carbon  dioxide,  with  simultaneous  Increase  in  the 
partial  oxygen  pressure  in  the  alveolar  air.  In  the  case  of  mountain 
ascents  the  partial  carbon-dioxide  pressure  in  the  lungs  diminishes  to 
a  greater  extent  than  tinder  conditions  of  conventional  flight;  this 
can  be  eiq)lalned  by  the  tlma  factor.  This  is  confirmed  by  the  fact 
that  a  prolonged  stay  in  a  pressure  chamber  (up  to  24  hours)  yields 
the  identical  pattern  as  under  motmtain  conditions. 

^  Moderate  work  at  medium  altitudes  (4-6  km)  promotes  an  increase 
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In  lung  ventilation  and  blood  circulation,  and  this  Is  an  adaptive 
(compensatory)  reaction  of  the  organism  to  a  lack  of  oxygen.  However, 
a  reduction  In  the  carbon  dioxide  In  the  organism  depresses  the  res¬ 
piration  center  and  lung  ventilation  again  diminishes.  Thus  In  the 
case  of  a  flight  aboard  an  aircraft  In  which  the  effect  of  mountain 
acclimatization  Is  lacking,  the  adaptability  of  an  organism  to  hlgh- 
altltude  conditions  may  be  of  but  brief  duration  and  quite  limited. 

The  lower  half  of  Pig.  169  shows  the  partial  oxygen  pressure  In 
the  alveolar  air  (when  breathing  pxare  oxygen  and  breathing  atmospheric 
air)  as  a  function  of  flight  altitude.  Comparing  these  curves  with  the 
graph  on  top,  we  see  that  an  altitude  of  4.5  km  corresponds  to  QO^ 
oxygen  saturation  of  the  blood,  this  being  the  boundary  of  satisfac¬ 
tory  hvunan  efficiency  when  breathing  air;  when  breathing  pxire  oxygen, 
this  corresponds  to  an  altitude  of  12  km. 

The  altitude  of  12  km  Is  also  the  physiological  boundary  within 
which  a  flight  crew  may  execute  flights  using  conventional  oxygen 
equipment  (l.e.,  the  equipment  which  enriches  the  Intake  air  with  oxy¬ 
gen,  but  which  does  not  generate  elevated  pressures  In  the  lungs). 

The  reduction  of  the  partial  oxygen  pressure  In  the  Intake  air 
leads  to  a  number  of  functional  dlstxirbances  In  a  hiaman  being,  and 
these  are  collected  \inder  a  single  heading,  l.e.,  hlgh-altltude  sick¬ 
ness  (oxygen  starvation  [anoxia]).*  Below  altitudes  of  1500-2000  m  the 
human  organism  does  not  react  to  a  reduction  In  the  oxygen  content  In 
the  atmospheric  air.  At  an  altitude  of  about  2000  m,  because  of  a  re¬ 
duction  In  the  partial  oxygen  pressiare,  the  brain  cells  are  the  first 
to  experience  a  reduction  In  depth  perception  and  night  vision.  There¬ 
fore,  during  night  flights  more  oxygen  should  be  used  starting  at  an 
altitude  of  I500  m,  and  dvirlng  the  day  additional  oxygen  should  be  em¬ 
ployed  above  3500  m. 
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At  altitudes  from  3500  to  5000  m,  particularly  when  the  flights 
last  for  more  than  3-4  hours  and  under  conditions  of  physical  or  ner¬ 
vous  stress,  oxygen  starvation  results  In  a  number  of  disturbances 
which  disturb  the  balance  between  the  Inhibitory  and  excitatory  reac¬ 
tions  In  the  cerebral  cortex.  In  some  Individuals  (with  an  Inhibitory 
nervous  system)  we  note  the  development,  first  of  all,  of  fatigue,  de¬ 
pression,  drowsiness,  and  headache;  response  Is  Inhibited.  In  other 
Individuals  —  irtiose  nervous  system  Is  of  the  excitatory  type  -  we  find 
an  elated  mood,  a  tendency  to  Increased  activity,  l.e.,  motor  and 
verbal  activity,  while  at  the  same  time  there  Is  a  dulling  of  the 
ability  to  analyze  external  phenomena,  coordination  of  movement  is 
dlsznipted,  and  the  lndlvld\ial  lacks  awareness  of  the  fact  that  he  is 
S3q;>erlenclng  a  state  of  nonnormal  sickness. 

With  Increasing  altitude  or  prolonged  stay  these  two  dlsttirbance 
complexes  Intensify  and  may  merge  with  one  another.  The  primary  danger 
and  Insidious  fiature  of  altitude  sickness  Involves  the  fact  that  all 
of  the  above -enumerated  syti5)toms  are  not  clearly  defined,  the  subject 
Indlvldiial  la  not  aware  of  their  presence,  and  the  transition  from  the 
lower  degrees  of  the  disturbances  to  the  more  serious  takes  place  vin- 
notlced,  so  that  at  an  altitude  of  about  7500-8000  m,  despite  apparent 
well-being,  a  man  loses  ccxisclousness.  If  oxygen  Is  not  applied  Imme¬ 
diately,  or  If  the  aircraft  Is  not  Immediately  brought  to  lower  alti¬ 
tudes,  resplratozT  paralysis  and  death  result. 

Tables  14  and  15  show  the  reserve-time  values,*  l.e.,  the  time 
during  which  a  man  retains  active  awareness  and  minimum  functional  ef¬ 
ficiency  If  suddenly  exposed  to  some  [high]  altitude  (for  exanq^le.  In 
the  case  of  the  depressurization  of  an  aircraft  cabin)  or  If  the  sup¬ 
ply  of  oxygen  from  the  oxygen  equipment  Is  suddenly  cut  off. 

At  an  altitude  of  15  tan,  even  when  breathing  pure  oxygen,  we  find 
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TABLE  14 

Average  Reserve-Time  Values  when  Breathing  At¬ 
mospheric  Air  (after  Shtrukhgol 'd  [sic]) 


t  . 

i  1 

1  Bucora  ■  km 

a 

B 

B 

1 

10 

B 

14 

i 

1C 

2Pe3epaHor 
apcMi  a  ccK. 

300 

180 

80 

SO 

26 

30 

IS 

9 

1)  Altitude,  in  km;  2)  reserve  time.  In  seconds, 
that  the  reserve  time  Is  equal  only  to  15  seconds.  If  an  aircraft 
cabin  becomes  depressurized  at  an  altitude  above  15  km  this  Is  totally 
Inadequate  In  order  to  permit  the  pilot  to  reduce  the  aircraft  to  a 
safe  altitude  of  the  order  of  12  km.  Thus,  for  example.  In  order  to 
descend  from  horizontal  flight  at  an  altitude  of  15  km  to  12  km  at 
speeds  corresponding  to  0.95  M  ~50  seconds  are  required.  For  this 
reason.  In  the  case  of  aircraft  whose  celling  Is  higher  than  13  km  It 
became  necessary  to  provide  oxygen-survival  equipment  capable  of  en¬ 
suring  respiration  with  pressurized  oxygen. 

TABLE  15 


Average  Reserve-Time  Values  when  Breathing  Pure 
Oxygen,  not  Pressxirlzed  (after  V. A.  Skrypln  et 
al. ) 


iBucora  ■  km 

13.5 

14  1 

1 

14.S 

1 

16 

3>t3epBnoe 
apCMI  ■  CM. 

300 

SO 

1  30 

15 

9 

1)  Altitude,  In  km;  2)  reserve  time.  In  seconds. 

Effect  of  Low  Barometric  Pressure 

Independently  of  oxygen  starvation,  the  human  organism  Is  harm¬ 
fully  affected  by  reduced  barometric  pressxare.  The  influence  of  the 
ambient  pressure  becomes  evident  in  the  following  forms: 

1)  pain  In  the  Joints  and  the  surroxindlng  tissues  (the  so-called 
decompression  disturbances  or  aeroembolism); 

2)  pain  In  the  gastrointestinal  tract  (hlgh-altltude  meteorlsm); 
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3)  aeroenqphyaema  (distension)  of  the  subcutaneous  tissues.* 

Pain  in  the  Joints  occurs  at  altitudes  of  9000-13,000  m.  A  single 

! 

individual  may  ejq>erlence  pain  during  one  ascent,  with  no  pain  experi¬ 
enced  during  another  ascent.  Most  frequently  pain  is  ejqperienced  in 
the  shoulder  and  knee  joints.  The  intensity  of  the  Joint  pains  varies, 
l.e.,  fi’om  tolerable  rheumatic  pains  to  attacks  of  Intense  pain  re¬ 
quiring  the  immediate  descent  from  that  altitude.  With  descent  to  8000- 
7000  m  the  pain,  as  a  rule,  disap^ars.  Joint  pain  generally  sets  in 
after  10-20  mlnut^  after  ascent  to  a  great  altitude  or  during  the 
course  of  the  fjrst  hour;  hoviever,  pain  may  be  esqperienced  later  on  as 
well.  In  the  case  of  a  rapid  ascent  the  pains  are  encountered  more  fre- 
quently  than  in  the  case  of  a  gradual  ascent.  The  conversion  of  the 
excess  nitrogen  from  a  dissolved  state  (which  is  the  state  in  which  it 
is  encoiuitered  in  the  tissue  cells)  into  a  gaseous  state  is  the  factor 
responsible  for  the  pain.  Oas  bubbles  exert  mechanical  pressure  against 
the  nerve  endlngi^,  and  this  produces  the  sensation  of  pain. 

It  is  recoonended  that  in  order  to  prevent  pain  in  the  Joints 

pure  ojQTgen  should  be  inspired  for  a  period  of  30-60  minutes  prior  to 

I 

a  high-altitude  flight,  and  during  this  period  there  occurs  the  proc¬ 
ess  of  "freeing"  (de saturation)  of  the  organism  of  nitrogen. 

Of  thn  total  quantity  of  nitrogen  dissolved  in  the  tissues,  when 
breathing  pure  ooQrgen  1/3  of  the  nitrogen  is  eliminated  within  the 
first  13  minutes;  then  the  desaturation  process  gradually  slows  down. 
During  desaturation  the  process  cannot  be  Interrupted  or  the  mask  re¬ 
moved,  since  the  entire  effect  would  be  lost  and  the  desaturation 
process  would  have  to  be  started  all  over  again. 

High-altitude  meteorism  la  brought  about  by  the  expansion  of  gases 
In  the  stomach  and  in  the  intestine.  If  during  an  ascent  the  gases  fall 
to  pass  out  throtigh  the  system  in  natiiral  ways,  the  volume  of  the  gases 
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I  and  their  pressure  against  the  walls  of  the  gastrointestinal  tract  In¬ 
crease,  thus  resulting  In  pain,  the  raising  of  the  diaphragm,  a  reduc¬ 
tion  In  lung  capacity,  and  a  nxamber  of  other  disruptions  which  disturb 
the  normal  state  of  the  organism. 

In  particular.  It  la  possible  that  the  meteorlsm  promotes  the  ap¬ 
pearance  of  pain  In  the  Joints  at  hlgh-altltudes,  since  with  reduced 
Inspiration  the  liberation  of  excess  nitrogen  from  the  organism  through 
the  lungs  Is  diminished. 

At  great  altitudes  (IO-I3  km)  meteorlsm  may  be  responsible  for  . 
extremely  acute  attacks  of  pain.  These  attacks  In  turn  may  lead  to  a 
number  of  vegetative  disturbances  (perspiration,  rate  of  heart  activ¬ 
ity,  etc.). 

In  order  to  prevent  hlgh-altltude  meteorlsm  It  Is  necessary  to 
maintain  diets  eliminating  the  formation  of  Intestinal  gases  and  en¬ 
suring  normal  functioning  of  the  Intestine. 

Aeroemphysema  of  subcutaneous  tissues  occurs  when  the  ascent  Is 
to  altitudes  above  20  km  at  those  portions  of  the  human  body  which  are 
not  subject  to  cotui ter pres sure.  Thus,  for  example,  if  the  ascent  to 
the  Indicated  altitude  were  carried  out  In  a  hlgh-altltude  suit  with¬ 
out  the  proper  gloves,  within  5-10  minutes  after  the  ascent  the  impro- 
tected  hands  become  distended  and  after  about  15  minutes  the  fingers 
have  increased  in  volume  to  such  an  extent  that  It  is  Impossible  to 
perform  any  work  with  the  hands  [2]. 

The  Immediate  factor  responsible  for  the  "swelling"  of  the  hands 
Is  the  formation  of  gas  bubbles  between  the  muscles  and  the  skin  cover, 
these  bubbles  causing  delaralnatlon  of  the  subcutaneous  cellular  tissue. 
This  phenomenon  Is  brovight  about  primarily  as  a  result  of  physical 
factors.  We  know  that  at  an  ambient  pressure  of  4?  mm  Hg  (19,100  m) 
water  bolls  at  37°C.  Since  the  human  organism  contains  about  70^  water, 
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the  temperature  of  the  body  Is  37°C,  it  Is  natural  that  at  alti¬ 
tudes.  In  excess  of  19«100  m  Intense  evaporation  of  fluids  from  the 
tissues  of  the  human  body  occurs.  The  water  vapors  accumulate  beneath 
the  skin  and  force  It  away  from  the  muscles.  After  dropping  to  an  al¬ 
titude  below  17>000  m^  we  find  that  subcutaneous  distension  disappears 
rather  rapidly  and  leaves  no  trace. 

Solar  Radiation,  Ozone,  and  Cosmic  Rays 

The  radiative  energy  of  the  sun  at  the  upper  boundary  of  the  at¬ 
mosphere  Is  regarded  as  a  constant  quantity  and  on  the  average  amounts 
to  1.9^  cal  per  1  cm  of  siirface  per  minute.  At  sea  level  in  clear 
weather  this  magnitude  does  not  exceed  1.32  cal.  Above  the  clouds, 
starting  from  altitudes  of  10-12  km  the  energy  of  solar  radiation  Is 
equal  to  1.78  cal  and  gradioally  Increases  to  Its  limit.  During  the  day 
the  intensity  of  solar  radiation  Increases  from  0  to  the  maximum  and 
again  diminishes  to  0  with  the  onset  of  darkness. 

The  thermal  effect  of  solar  radiation  Is  caused  primarily  by  the 
Infrared  portion  of  the  spectrum.  Infrared  rays  are  actively  absorbed 
by  water  vapor.  Therefore,  with  Increasing  altitude  we  find  a  direct 
relationship  between  the  reduction  in  molstuire  content  and  the  Inten¬ 
sity  of  the  Infrared  rays. 

The  Intensity  of  the  Ultraviolet  radiation  on  the  average  In¬ 
creases  by  3“^  with  each  100  m  of  ascent  In  comparison  with  its  value 
at  sea  level.  This  occurs  as  a  result  of  the  reduction  In  the  scatter¬ 
ing  of  this  portion  of  the  spectrum  by  gas  molecules  whose  quantity 
per  unit  volime  Is  reduced  with  Increasing  altitude.  The  ultraviolet 
radiation,  exhibiting  a  wavelength  from  200  to  290  mp.  never  reaches 
the.gro\ind,  since  it  Is  absorbed  by  the  ozone  layer  at  an  altitude  of 
about  40  kn. 

Solar  radiation  Is  responsible  for  virtually  all  processes  taking 
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place  within  the  terrestrial  atmosphere,  including  changes  in  tempera¬ 
ture  with  increasing  altitude.  In  the  troposphere  (to  an  altitude  of 
9-11  km)  the  thermal  equilibrium  is  basically  regulated  by  the  shift¬ 
ing  and  the  state  of  the  water  vapors.  From  11  to  32  km  the  temperature 
of  the  atmosphere  is  virtually  constant  (— 56.5°c).  Above  32  km,  be¬ 
cause  of  the  absorption  of  radiative  energy  by  the  ozone,  the  tempera¬ 
ture  of  the  atmosphere  rises  and  at  an  altitude  of  50-55  km  reaches 
+60°  to  +80°C.  This  temperature  is  retained  to  an  altitude  of  about 
65  km;  then  it  drops  to  —30°  at  an  altitude  of  80  km,  after  which  a 
continuous  rise  in  temperature  occurs  as  a  result  of  the  ionization  of 
the  air  which  is  accompanied  by  the  liberation  of  heat. 

At  an  altitude  of  200  km  the  temperature  of  the  molecules  reaches 
400-500°C.  However,  because  of  the  limited  density  of  the  air  and  the 
removal  of  heat  as  a  result  of  radiation,  in  the  upper  layers  of  the 
atmosphere  the  temperatiire  of  a  body  at  this  altitude  will  be  signifi¬ 
cantly  lower. 

The  high  ozone  (O^)  content  in  the  upper  layers  of  the  atmosphere 
represent  a  danger  to  human  life.  According  to  data  from  a  nxmiber  of 
investigations  [I6  and  21],  the  major  portion  of  the  ozone  is  found  at 
an  altitude  of  I5  to  35  km.  Above  50  km  there  is  virtually  no  ozone. 

The  maximum  concentration  of  ozone  (by  weight)  is  encountered  at  alti¬ 
tudes  of  21-26  km  where  it  reaches  O.OOO5  mg/llter.  With  an  ozone  con¬ 
centration  of  0.0002-0.001  mg/llter,  we  find  irritation  of  the  mucous 
membranes  of  the  nose,  throat,  and  eyes.  Breathing  air  containing  0^ 
in  quantities  of  0.002-0.01  mg/llter  for  a  period  of  1  hour  results  in 
coughing,  fatigue,  headaches,  and  a  burning  sensation  in  the  stomach. 

A  concentration  of  0.02  mg/llter  results  in  pneumonia  and  irreversible 
pulmonary  edema. 

The  maximum  permissible  concentration  of  ozone  in  the  air  for  ptir- 
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pose&  of  breathing  Is  held  to  be  0.0001  mg/llter  (BSE  [Great  Soviet 
Encyclopedia],  Vol.  30,  page  568). 

If  we  take  the  atmospheric  air  at  an  altitude  of  20  kzn  where  the 
ozone  content  on  the  average  amounts  to  0.02  cm/km,*  and  If  this  air 
la  compressed  to  the  cabin  pressure  which  corresponds  to  an  altitude 
of  8000  m,  the  ozone  content  (given  a  specific  weight  of  2  g/llter) 
will  amount  to  about  0.0026  mg/llter,  which  Is  significantly  In  excess 
of  the  permissible  norms. 

Thus  at  altitudes  of  20-30  km  ccm^ressed  atmospheric  air  cannot 
be  used  for  human  breathing  piirposes.  The  human  being  must  be  pro¬ 
tected  against  the  ozone  or  devices  have  to  be  developed  to  dissolve 
the  ozone,  changing  It  Into  oxygen  (Og). 

In  addition,  let  us  take  note  of  the  fact  that  ozone  is  an  ex¬ 
tremely  active  oxidizer  of  all  rubber  products,  significantly  reducing 
their  service  life. 

The  cosmic  raya  moving  In  from  Interplanetary  space  contlnuoxisly 
bombard  the  atmosphere,  moving  at  velocities  close  to  the  speed  of 
light.  &  the  upper  atmosphere,  the  earth  Is  s\irrounded  by  an  apparent 
halo  of  rapidly  moving  charged  particles  restrained  by  the  terrestrial 
magnetic  field. 

Seventy  nine  percent  (795^)  of  the  primary  cosmic  rays  consist  of 
the  atomic  nuclei  of  hydrogen  (protons)  and  twenty  percent  (205^)  of 
the  primary  cosmic  rays  consist  of  helium  nuclei  (a-partlcles) .  The 
remaining  (1}^)  of  the  primary  cosmic  rays  Is  made  up  of  heavy  atomic 
nuclei  (the  ccm^osltlon  and  jTelatlonshIp  between  the  various  atomic 
nuclei  In  the  cosmic  radiation,  apparently,  corresponds  to  the  rela¬ 
tionship  of  these  nuclei  In  the  chemical  composition  of  planets,  stars, 
and  meteorites). 

The  prlnmry  radiation  reaches  no  closer  than  50-25  km  from  the 
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earth's  surface.  In  this  Interval  of  altitudes  the  primary  rays  collide 
with  the  nuclei  of  atmospheric  particles  and  form  a  multiplicity  of 
secondary  particles  (secondary  radiation).  Including  electrons,  neu¬ 
trons,  positrons,  x-rays,  etc.  The  Intensity  of  the  secondary  radia¬ 
tion  changes  not  only  over  altitude,  but  with  respect  to  geographic 
latitude  as  well. 

Because  of  their  high  speed  and  great  energy  (reaching  billions 
of  electron  volts)  cosmic  rays  easily  penetrate  matter.  Including  the 
cells  of  living  organisms,  producing  molecular  Ionization  In  these 
cells  (Ionization  can  also  be  used  as  a  measure  of  cosmic-ray  inten¬ 
sity).  In  the  middle  latitudes  the  Intensity  of  the  secondary  cosmic 
radiation  reaches  Its  raaxlm\im  and  significantly  exceeds  its  Intensity 
at  sea  level  (see  Fig.  206). 

§3.  PRIMARY  METHODS  AND  TECHNICAL  FACILITIES  FOR  PROTECTING  MAN  AGAINST 

THE  HARMFUL  EFFECTS  OF  THE  ATMOSPHERE  AT  HIGH  ALTITUDES 

The  problem  of  physiological  safety  for  hlgh-altltude  flights 
first  of  all  reduces  to  the  establishment  of  the  required  partial  oxy¬ 
gen  pressure  In  the  Inspired  air.  This  can  be  achieved  In  two  ways, 
l.e.,  by  Increasing  the  total  pressure  of  the  ambient  air  and  by  rais¬ 
ing  the  percentage  content  of  oxygen  In  the  inspired  air. 

From  the  engineering  standpoint,  the  safety  of  hlgh-altltude 
flights  Is  enswed  by  using:  l)  hermetically  sealed  cabins;  2)  air¬ 
craft  oxygen  equipment;  3)  hlgh-altltude  G  suits;  4)  hlgh-altltude 
space  pressure  suits. 

In  contemporary  hlgh-altltude  aviation,  as  a  rule,  two  methods  of 
raising  the  partial  Og  pressure  are  employed  simultaneously  and  they 
Involve  the  combination  of  an  airtight  cabin,  hlgh-altltude  equipment 
[clothing],  and  oxygen  equipment. 

This  complex  of  equipment  ensiores  flight  safety  and  normal  work- 
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Ing  aondltlonfl  for  man  at  any  flight  altitude «  with  minimum  over-all 
Wight  of  equipment  aboard  the  aircraft. 

Contemporary  airtight  cabins,  ventilated  by  conqinresaed  atmospheric 
air,  generally  are  enployed  for  the  over-all  Increase  in  pressure.  The 
Increase  In  the  percentage  conte'ht  of  oxygen  In  the  Inspired  air  is 
achieved  by  using  individual  oxygen  units. 

y  A  pressurized  cabin  is  the  most  radical  means  of  protecting  a 
human  being  against  the  harmful  influence  of  high  altitudes.  Including 
the  harmful  effects  of  pain  in  the  joints,  high-altitude  meteor ism, 
cold,  etc.  The  idea  of  a  hermetically  sealed  cabin  was  predicted  as 
far  back  as  1872  by  D. I.  Mendeleyev. 

At  the  present  time  all  aircraft  (with  the  exception  of  sport, 
training,  and  local  transport  aircraft)  are  fitted  out  with  pressurized 
cabins  in  which  cllmatlzed  air  is  eaplojred.  However,  the  sudden  de- 
pressurization  of  a  cabin  at  great  altitude  as  a  result,  for  example, 
of, a  breaking  window,  the  jettisoning  of  a  canopy  or  hatch,  leads  to 
an  Instantaneous  (in  less  than  0.3  second)  drop  in  cabin  pressiare  to 
that  of  the  ambient  air.  This  process  is  known  as  explosive  decompres¬ 
sion  and  may  x’Z'ove  harmful  or  even  fatal  to  the  crew. 

On  the  basis  of  research  carried  out  by  physiologists,  it  is 
thought  that  explosive  deccmpresslon  is  harmless  if  the  ratio 

(293) 

wWre  pjgQ  and  Pj^  are,  respectively,  the  pressure  in  the  cabin  prior  to 
and  after  decompression,  in  nm  Eg. 

Oenerally  is  equal  to  the  atmospheric  pressure  p^;  however,  if 
loss  In  pressure  Is  brought  about  by  a  break  in  the  canopy  pres- 
Stdrisatlon  hose,  with  aircraft  In  which  ti^  cockpit  canopy  rises  above 
fuselage  we  find  that  P]^  <  by  a  magnitude  amounting  to  20-33^ 

i'i ' 
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of  the  ram  pressure  as  a  result  of  the  aerodynamic  rarefaction  In  the 

-  I 

canopy  region,  Hierefore,  In  the  subsequent  discussion  the  phrase  per-  | 

j 

mlsslble  altitude  for  utilization  of  ojcygen  equipment  will  be  xinder-  [ 
stood  to  refer  to  the  "altitude"  In  the  cabin  [cockpit],  determined  by 
taking  Into  consideration  the  possible  expansion  [rarefaction]  (see 
the  note  on  page  157). 

In  the  case  of  cabin  depressurization  a  conventional  oxygen  unit, 

j 

even  If  pure  oxygen  is  supplied.  Is  Inadequate  to  maintain  flight 
above  12,000  m. 

At  high  altitudes  (above  14,000  m)  explosive  decompression  leads 

*  I  i 

to  loss  of  consciousness  and  death,  and  only  special  hlgh-altltude 
equipment  [clothing]  can  serve  as  adequate  protection.  Therefore,  in 
order  to  ensure  flight  safety  and  pilot  siirvlval  In  the  case  of  a 
breakdown  In  cabin  pressurization  at  high  altitudes,  0  suits  and  hlgh- 
altltude  space  pressiare  suits  are  employed.  In  a  space  presage  suit 
(Just  as  In  a  pressurized  cabin)  equilibrium  elevated  air  pressure  acts 
on  the  body.  The  air  circulates  freely  between  the  airtight  shell  and 
the  surface  of  the  body.  In  the  case  of  a  G  suit.  It  Is  only  the  lungs 

I 

and  the  entire  head  that  are  under  elevated  oxygen  pressvire.  The  bal¬ 
ancing  pressure  against  the  body  Is  achieved  by  the  mechanical  ten¬ 
sioning  of  the  suit,  tightly  binding  all  parts  of  the  body. 

Figure  170  shows  a  Q  suit  and  a  space  pressure  suit.  The  former 
Is  somewhat  smaller  In  size  than  the  space  pressiire  suit. 

When  a  pressurized  cabin  Is  fxmctlonlng  properly  and  the  given 
excess  air' pressure  (the  "altitude"  In  the  cabin,  as  a  rule,  does  not 
exceed  8000  m)  Is  maintained,  the  oxygen  supply  for  the  pilot  passes 
through  the  helmet  of  the  0  or  space-pressure  suit  from  the  correspond¬ 
ing  oxygen  equipment.  In  this  case,  both  the  shell  of  the  0  suit  and 
the  shell  of  the  space-presstire  suit  exert  no  presstire  against  the 
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Pig.  170.  Over-all  view  of  conten^)orary 
Q  and  apace  preaaure  aults.  a)  T-1  Q 
suit  (USA);  t)  hlgh-altltude  space  pres- 
'  .  siire  suit  produced  by  the  Ctoodrlch  Com¬ 

pany. 

body  and  represent  virtually  no  restraint  on  the  pilot's  movement.  If 
the  pressurized  cabin,  however,  should  suddenly  become  depressurized 
[los^  the  excess  air  pressure],  the  automatic  hlgh-altltude  equlpnent 
ia  Ifloedlately  actuated  and  the  pilot  Is  supplied  with  oxygen  at  the 
absolute  pressiire  required  for  the  given  flight  altitude. 

lOien  the  pilot  wears  a  space  pressure  suit,  the  entire  shell  la 
autematically  filled  with  air  (It  goes  without  saying  of  course  that 
the  ylMor  of  the  helmet  has  an  alrtl^t  seal). 

Xf  the  pilot  la  using  a  a  suit,  then  after  a  lapse  of  0.3-1* 5 


seconds  the  chambers  of  the  tensioning  devices  are  filled  with  air, 
this  being  followed  by  elevation  of  the  pressure  In  the  helmet. 

This  sequence  protects  the  lungs  against  mechanical  damage  as  a 
result  of  xincompensated  oxygen  pressure. 

It  should  be  borne  In  mind  that  a  space  pressure  suit  not  only 
ensures  svirvlval,  but  also  makes  It  possible  to  continue  flying  with¬ 
out  reducing  altitude.  A  G  suit  Is  primarily  a  means  of  survival, 
since  the  staytime  at  great  altitudes  with  a  Q  suit  having  an  airtight 
helmet  ranges  from  several  minutes  to  one  hour,  depending  on  flight 
altitude,  the  Indlvldixal  featxires  of  the  organism,  and  the  level  of 
training. 

The  magnitude  of  the  absolute  air  pressiore  both  for  the  cabin  and 
for  the  hlgh-altltude  equipment  Is  selected  on  the  basis  of  physiolog¬ 
ical  requirements,  the  maximum  flight  altitude,  considerations  of 
strength,  and  mlnlmxmi  structural  weight.  In  the  case  of  passenger  air¬ 
craft,  In  order  to  eliminate  the  need  for  oxygen  In  normal  flight,  the 
’’altitude"  In  the  cabin  Is  maintained  at  no  higher  than  3000  m,  which 

p 

corresponds  to  an  excess  pressxire  of  0.47  kg/cm  at  an  altitude  of 
10,500  m.  In  the  foreign  literature  we  find  the  following  maxlmm  ex¬ 
cess-pressure  values  and  safe  "altitudes"  assumed  [29,  34]: 

p 

~  for  pressurized  bomber  cabins,  0.4-0.45  kg/cm  ; 

p 

—  for  pressurized  fighter  cockpits,  O.25-O.3  kg/cm  ; 

—  for  shells  of  hlgh-altltude  space  presstu^e  suits,  10,700-11,500 
m; 

—  for  airtight  helmets  of  Q  suits,  12,000  m; 

—  for  masks  with  excess  pressure,  used  In  conjvinctlon  with  a  G 
suit,  13,000  m. 

Prom  the  standpoint  of  safety  under  conditions  of  ejqjloslve  de¬ 
compression,  the  safe  "altitude"  In  a  pressxirlzed  cabin  In  an  aircraft 
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(fw jiiny  great  flight  altitude)  ia  determined  on  the  baaia  of  Formula 
(293)«  Impending  on  the  type  of  high-altitude  equipment  employed*  thia 
’^altitude”  ahould  not*  on  the  basis  of  calculation  data  which  provide 
the  basis  for  the  above-cited  excess-pressure  data*  fall  lower  than 
thm  following  values: 

for  a  mask  with  excess  pressure . .  7300  m 

for  a  0  suit  with  an  airtight  helmet .  6300  m 

for  a  apace  pressure  auit  with  an  "inside 

altitude"  of  11*000  . . . .  4800  m 

for  a  space  pressure  suit  with  an  "inside 

altitude"  of  7500  . .  0 

(i.e.  * 
ground 
pres- 
sirre ) 

S4.  CnTOBK-BREAlHIlX}  EQUIPMENT 

Aviation  oxygen-breathing  equipment  is  used  to  increase  the  per¬ 
centage  content  of  oxygen  and  its  partial  pressxire  in  the  inspired  air. 

As  has  already  been  pointed  out*  without  the  excess  pressure  the 
oxygen  equipment  can  be  used  for  flights  up  to  an  altitude  of  12*000  m. 
3b)  individual  cases*  an'  for  very  brief  periods  of  time*  flight  to  an 
altitude  of  13*000  m  is  possible. 

Let  us  determine  the  oxygen  content  in  the  inspired  air  required 
to  ensure  the  given  partial  oxygen  pressure  in  the  alveolar  air.  The 
partial  pressure  p^  of  oxygen  in  the  alveoli*  as  is  well  known*  is 
equal  to  the  total  barometric  pressure  p^  minus  the  water-vapor  ten¬ 
sion  (47  no  Eg)*  the  partial  carbon-dioxide  pressure  (p^^  )*  and  minus 
the  nitrogen  in  the  lungs.  Mathematically*  this  statement  ia  written 
out  ne  follows: 


MB 


(294) 


tlijere  is  the  oj^gen  content  in  the  inspired  air. 

She  express!^  in  the  square  braclosts  is  the  partial  pressure  of 
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nitrogen  In  the  alveoli,  since  the  total  nitrogen  content  (referred  to 
dry  air)  Is  Identical  for  both  the  Inspired  as  well  as  for  the  alveolar 
air. 


Prom  Eq.  (294)  we  obtain 

(S95) 

The  results  obtained  from  the  calculation  of  the  oxygen  contents 


required  In  a  mask  for  =  4o  mm  Hg  and  p^  =  110  mm  Hg,  l.e. ,  for 
the  partial  oxygen  pressure  In  the  alveoli,  corresponding  to  ground 
conditions,  are  presented  In  Table  16. 


TABLE  16 

Required  Oxygen  Content  In  Mask,  Corresponding 
to  Ground  Conditions 


1  Bucoti  noacTt  ■  mm 

0 

i 

2 

j 

4 

1  ^ 

S 

1 

9 

1 

10 

2 

CoaepauMHc  KMCiopoxa  ■ 

Micxe  •  H 

21 

27 

36 

49 

68 

82 

100 

1)  Plight  altitude.  In  kmj  2)  oxygen  content  In 
mask.  In 

At  an  altitude  of  10,000  m  the  breathing  of  pure  oxygen  Is  equiva¬ 
lent  to  the  breathing  of  atmospheric  air  at  sea  level. 

The  oxygen  equipment  of  an  aircraft  Includes  an  oxygen  supply,  on¬ 
board  and  parachute  oxygen  equipment,  an  oxygen  mask,  connecting  lines, 
monitoring  instruments,  hoses,  and  fittings.  Here  we  will  undertake  a 
brief  examination  only  of  the  actual  oxygen -breathing  devices,  without 
which  It  would  be  difficult  to  xinderstand  the  operation  of  the  hlgh- 
altltude  equipment. 

The  oxygen  equipment  must  satisfy  the  following  primary  require¬ 
ments  : 


1)  automatic  control  of  percentage  content  of  oxygen  for  [various] 
altitudes  In  accordance  with  a  given  law  (see  Table  16),  both  for  slow 
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axuS  rapid  ascent; 

\  2)  Blnlnum  resistance  to  inspiration; 

;  3)  Blnlmum  oxygen  flow  rate; 

4)  operational  simplicity; 

‘  5)  fallproof  operation  xinder  conditions  of  aircraft  vibration  and 
within  a  temperatxare  interval  from  -50°  to  60°C  (the  upper  limit  of 
the  temperature  requirements  Increases  with  each  passing  year  as  a  re¬ 
sult  of  the  rise  In  aerodynamic  heating  and  the  difficulties  encoun¬ 
tered  In  cooling  cabins). 

In  terms  of  operating  principle  oxygen  equipment  Is  divided  into 
two  basic  types:  1)  equipment  with  contlnuotis  supply  of  oxygen;  2) 
etpilpawnt  with  Intermittent  supply,  l.e.,  the  so-called  automatic 
lungs. 

In  the  case  of  the  first  type  of  equipment  the  oxygen  Is  supplied 
In  a  continuous  stream,  whereas  in  the  case  of  the  automatic  lungs  It 
la  axqn>ll«d  periodically,  only  during  the  inspiration  phase,  ihe  auto¬ 
matic  lungs  are  more  economical  In  terms  of  oxygen  flow  rate,  but  they 
are  generally  Inferior  to  the  continuous -supply  equipment  in  terms  of 
dimensions  and  simplicity. 

Inspiration  backpressure  Is  characterized  by  maximum  rarefaction 
which  a  man  creates  In  an  oxygen  mask  In  order  to  obtain  inspired  air 
of  the  re<piired  voliaie.  Zt  la  desirable  under  all  ccxiditions  for  the 
inspiration  backpressiire  not  to  exceed  13-20  mm  water  colimin.  However, 
thla  requirement  from  the  technical  standpoint  contradicts  the  requlre- 
mnt  of  minimum  oxygen  flow  rate  (for  continuous-supply  Instriunents) 
or  leads  to  large  valve  and  hose  diameters  in  the  ease  of  automatic 
lun^.  ' 

■  1.  .  •  ■  ■  ' 

With  contemporary  oxygen  equipment  the  Indicated  magnitude  of  in- 
aplifetlon  backpressure  is  achle^d  with  lung  ventilation  of  7.5-13 


liters  per  minute.  With  high  lung  ventilation  (of  the  order  of  30 
liters  per  minute)  the  Inspiration  backpressure  at  sea  level  amounts 
to  60-70  ram  water  column.  This  makes  It  somewhat  difficult  to  breathe 
and  gradually  tires  the  pilot.  Figure  171  shows  a  typical  relationship 
between  Inspiration  backpresstire  and  the  magnitude  of  lung  ventilation 
and  flight  altitude.  With  Increasing  altitude,  as  a  result  of  the  re¬ 
duction  In  the  gas  density.  Inspiration  baclqjressxire  diminishes  and 
this  Is  a  favorable  circumstance.  It  should  be  pointed  out  that  of  the 
over-all  Inspiration  backpressure,  the  mask  (the  Inspiration  valve 
plus  the  corrugated  hose  with  Its  seal)  accotints  for  55-705^,  while  the 
remainder  Is  attributed  to  the  on-board  hoses,  their  connections,  and 
the  fittings.  Ihe  Inspiration  backpressure  of  the  actual  oxygen  equip¬ 
ment  represents  but  an  Insignificant  portion  of  the  total  backpressure, 
since  the  threshold  of  sensitivity  for  the  automatic  lung  amounts  only 
to  5-7  mm  water  column. 

The  Inspiration  backpressure  Is  governed  by  the  characteristic  of 
the  mask  expiration  valve.  It  Is  a  fxmctlon  of  the  magnitude  of  lung 


Pig.  171.  Typical  func¬ 
tion  relating  inspiration 
backpressure  with  flight 
altitude  and  lung  ventil¬ 
ation,  1)  Inspiration 
backpressure.  In  mm  water 
colvunn;  2)  liters  per 
minute;  3)  flight  alti¬ 
tude,  In  km. 


ventilation,  and  In  the  case  of  average 
operation  amounts  to  30-40  mm  water  col¬ 
umn.  This  backpressure  also  diminishes 
with  Increasing  altitude. 

Let  us  determine  the  oxygen  flow 
rate  required  by  a  device  of  the  auto- 
matlc-lung  type,  starting  from  the  re¬ 
quired  percentage  content  of  oxygen. 

The  oxygen  concentration  In  the 
Inspired  mixture  Is  equal  to  the  ratio 
of  the  entire  oxygen  volxime  to  the  over¬ 
all  volume  of  the  mixture,  equal  to  the 
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Fig.  172*  Oxygen  content 
In  gaa  aUcture  and  Its 
flow  rate  as  a  fxuictlon 
of  flight  altitude  and 
limg  ventilation.  The 
darhed  lines  are  theoret¬ 
ical.  The  solid  lines 
represent  average  charac¬ 
teristics  of  contea^rary 
equlpoent  of  the  auto- 
oatic-lung  type.  1)  Oxy¬ 
gen  content  in  gas  mix¬ 
ture,  in  %i  2)  liters  per 
minute;  3i  required  %  of 
Ogl  oxygen  flow  rate, 

in  standard  liters  per 
minute;  5)  flight  alti¬ 
tude,  in  km. 


sum  of  the  oxygen  supplied  by  the 
unit  and  the  volume  v^  of  air  drawn  in: 


Fo,f-+0.2Ir, 


(£96) 


where  p^  and  are,  respectively,  the 
presstire  of  the  atmospheric  air  at  sea 
level  and  in  the  air.  The  volume  of  air 
drawn  in  by  the  equipment  is  equal  to 


— Qo,^  l/mln, 

m 


(297) 


where  v^  is  the  lung  ventilation  in 
l/mln. 

It  follows  from  Expressions  (296) 
and  (297)  that 

Oo.«»T.  {  \  —  standard  llter/mln. 

”  (298)  , 

The  results  of  the  calcvilatlon  car¬ 
ried  out  in  accordance  with  Formula  (298) 

are  presented  in  the  form  of  dashed  'lines 

in  the  lower  half  of  Pig.  172,  The  solid 
lines  in  this  same  figxire  show  typical 
characteristics  of  contemporary  oxygen 
equipment  operating  in  the  form  of  an 
automatic  lung.  The  oxygen  flow  rate  is 


acsaewhat  hi^er  in  an  actual  piece  of  equipment  than  on  the  basis  of 
t^oratical  calculation.  This  is  explained  by  the  fact  that  the  exact 
of  a  given  oxygen  content  in  the  gas  mixtto'e  is  difficult 
to  achieve  from  a  technical  standpoint  and  conteogporary  units  yield  an 
elevated  percentage  of  oxygen  in  the  mixture,  particularly  in  the  case 
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of  high  lung  ventilation  (see  the  solid  lines  In  the  upper  part  of 
Pig.  172).  Thus  In  principle  It  Is  possible  to  achieve  a  fxirther  In¬ 
crease  In  the  economy  of  oxygen  equipment. 

The  oxygen  flow  rate  In  the  case  of  a  continuous-feed  apparatus 
is  associated  with  the  design  of  the  oxygen  mask  and  the  breathing 

I  system. 

The  Initial  oxygen  equipment  was  of  the  continuous-feed  type,  the 
mask  being  open.  In  these  devices,  the  oxygen  was  supplied  from  a  tank 
through  a  pressure  reduction  valve  and  a  metering  mechanism  to  the 
mask  which  had  been  provided  with  a  calibrated  orifice  opening  out  to 
the  air.  On  expiration  the  oxygen  was  tuselessly  expended,  while  during 
Inspiration  atmospheric  air  was  drawn  In  and  the  oxygen  content  In  the 
Inspired  air  was  reduced.  The  hlgh-altltude  capabilities  of  this  equip¬ 
ment  on  the  average  amounted  to  8  km  and  did  not  exceed  10  km  (without 

I  physical  exertion).  Among  these  pieces  of  equipment  we  should.  In  par- 

j  tlcular.  Include  the  KPA-3bla  which  proved  Itself  so  useful  during  the 

) 

I  Second  World  War.  With  the  Og  emergency  supply  valve  open  (l.e.,  at 

I 

i  the  expense  of  a  pronounced  Increase  In  the  oxygen  flow  rate)  It  was 
possible  to  execute  flights  to  12  km  and  higher  with  this  device. 

In  order  to  reduce  the  oxygen  flow  rate  and  to  Increase  Its  con¬ 
tent  In  the  Inspired  air,  additional  containers  are  Incorporated  Into 
the  continuous -feed  equipment  complex,  and  this  container  fills  with 
oxygen  during  the  expiration  phase.  During  Inspiration,  this  oxygen 
volume  Is  connected  to  the  continuous -feed  mechanism  of  the  unit. 
Structurally,  the  additional  container  Is  made  In  the  form  of  a  sack 
on  the  mask  or  in  the  form  of  a  rubber  bag  held  In  a  rigid  container 
(the  so-called  economizer).  Installed  aboard  the  aircraft  directly 
Into  the  Inspire t Ion-hose  line. 

Table  17  shows  the  oxygen  flow  rates  for  a  single  htman  being 
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!  ifbtn  using  a  continuous-feed  unit  for  an  open-type  mask  and  a  mask 
i  with  an  additional  container. 


TABLE  17 

Oxygen  Flow-Bate  Nonas  for  a  Single  Individual 
Using  Continuous -Feed  Equipment 
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1)  Fll^t  altitude.  In  kaj  2)  oxygen  flow  rate 
with  KP-22  equiptaent,  using  open- type  mask.  In 
standard  liters  per  minute;  3)  oxygen  flow  rate 
with  XP-32  equipment,  using  container  mask,  in 
standard  liters  per  minute;  4}  no  equi{»nent  em¬ 
ployed. 


Oxygen  Masks 

An  oxygen  mask  must  esdilbit  the  following  properties: 

1)  It  must  simultaneoxisly  cover  nose  and  mouth,  and  it  must  pre¬ 
sent  no  difficulty  in  breathing; 

2)  It  must  fit  tightly  against  the  face  and  should  not  move  even 
under  great  stress; 

3)  It  should  not  shift  on  the  face  nor  should  It  come  loose  when 
subjected  to  ram  pressiire  dxirlng  ejection  from  the  cabin; 

4}  It  must  maintain  the  excess  pressure  (for  masks  with  elevated 
pressure); 

3)  It  should  not  Inhibit  speech  and  communications  by  means  of  a 
radiotelephone; 

6)  it  should  not  Impair  visibility  nor  should  It  restrict  the 
aovaiient  of  the  head; 

7)  the  donning  and  fastening  of  the  mask  must  be  rapid,  convenient. 
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and  reliable,  and  Its  removal  must  be  easy  and  fast; 

8)  prolonged  wearing  of  the  mask  should  produce  no  pain  as  a  re¬ 
sult  of  mask  pressure  nor  should  it  result  In  any  irritation  of  the 
facial  skin; 

9)  the  mask  valve  (Inlet  and  outlet)  must  function  perfectly,  ex¬ 
hibit  little  backpressure,  be  airtight,  and  should  not  freeze  over  In 
the  case  of  low  amblent-alr  temperattores  (In  contemporary  aircraft, 
because  of  cabin  air  conditioning,  the  requirement  as  to  antl-lclng 
devices  retains  significance  only  In  the  case  of  a  crash  or  parachute 
descent); 

10)  the  inaterlals  used  for  the  fabrication  of  masks  and  hoses 
should  be  free  of  odor. 

The  alrtlghtnesa  of  the  mask  Is  a  primary  prerequisite  If  the  re¬ 
quired  oxygen  content  In  the  Inspired  air  Is  to  be  obtained. 

Many  of  the  catastrophes  occurring  at  great  altitudes,  their 
causes  as  yet  tonexplalned,  were  probably  the  result  of  loss  of  con¬ 
sciousness  on  the  part  of  the  pilots  as  a  result  of  oxygen  starvation. 
This  assiamptlon  Is  confirmed  by  the  following  fact.* 

’JcJAr*  tinlts  conducted  flight  tesus  of  oxj'gen  equipment. 

The  flights  were  conducted  with  aircraft  whose  cabins  were  pressurized 
and  with  dual  controls.  Unbeknown  to  the  operating  pilot,  the  Inspec¬ 
tor  pilot  opened  the  air-pressure  cock  of  the  cabin  prior  to  the  take¬ 
off.  The  aircraft  was  then  taken  up  to  an  altitude  of  9150  m  and  re¬ 
mained  at  this  altitude  for  30  minutes.  During  this  period  10.55^  of 
the  flight  crew  being  tested  experienced  oxygen  starvation,  including 
7%  who  fainted  for  brief  periods  of  time.  This  was  attributed  primarily 
to  the  lack  of  attention  devoted  to  the  care  and  maintenance  of  oxygen- 
mask  cleanliness,  as  a  result  of  which  the  expiration  valve  was  not 
airtight.  In  other  cases,  the  mask  proved  to  be  hermetically  Inadequate 
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because  of  Improper  size  selection  and  inattention  to  its  testing  prior 
to  application  and  Its  fit  on  the  face. 

Contemporary  pilot  masks  are  generally  made  In  several  dimensions 
In  order  to  provide  more  uniform  fitting  of  the  mask  to  the  face  and 
to  ensixre  good  airtightness  for  various  anthropological  types  and  head 
dimensions.  The  airtightness  of  the  mask  Is  characterized  by  the  mag¬ 
nitude  of  suction  air,  and  this  must  be  kept  to  a  minimum. 

Hie  transmission  of  speech  over  a  radiotelephone  may  be  carried 
out  by  means  of  conventional  throat  mikes  or  by  means  of  a  microphone 
mounted  directly  Inside  the  mask.  Tlie  microphone  yields  better  speech 
clarity  under  hlgh-altltude  conditions.  TOie  microphone  should  also  be 
preferred  because  the  pilot  will  not  take  off  from  an  airfield  without 
requesting  permission  by  radio  and,  consequently.  It  Is  Impossible  for 
him  to  take  off  without  his  oxygen  mask. 

In  order  to  reduce  the  forces  acting  on  the  mask  In  the  case  of 
acceleration.  Its  weight  should  be  kept  to  the  minimum.  Moreover,  a 
light  mask  exerts  less  pressure  against  the  face.  In  order  to  prevent 
the  shifting  of  the  nask  In  the  case  of  ejection  and  exposui’e  to  the 
alrstream,  appropriate  fastening  devices  are  employed  and  the  mask  Is 
fashioned  In  proper  configuration  of  frame.  The  upper  center  strap 
prevents  downward  movement.  Movement  upward  and  to  the  sides  Is,  In 
addition  to  the  side  strap,  blocked  by  the  lower  portion  of  the  mask 
surrounding  the  chin. 

No  special  requirements  associated  with  ejection  or  exposure  to 
the  alrstream  are  Imposed  on  masks  and  oxygen  equipment  Intended  for 
passenger  aircraft.  For  these,  the  most  Important  requirement  Is  econ¬ 
omy  of  ojqngen  flow  rate  and  simplicity  of  mask  handling.  Figure  173 
shows  a  diagram  of  a  domestic  oxygen  mask  (XM-19)  with  an  additional 
container,  used  in  conjunction  with  the  KP-32  oxygen  equipment  designed 

-  54  - 


for  multiple  use  (20  people)  aboard  passenger  aircraft. 

The  KM-19  mask  operates  In  the  following  manner. 

The  oxygen  Is  supplied  In  a  continuous  stream  through  a  thin  hose 
7  and  a  perforated  tube  6  to  the  breathing  (rubber)  sack  5.  The  latter 
Is  connected  by  means  of  a  wide  connection  tube  4  to  the  frame  of  the 
mask  1. 

On  expiration  the  first  portion  of  air,  which  Is  richer  In  oxygen, 
fills  sack  5;  all  of  the  residual  expired  air,  saturated  with  carbon 
dioxide.  Is  passed  out  through  two  porous  valves  3*  At  the  Instant  of 
Inspiration  the  subject  draws  In  all  of  the  oxygen  carried  In  the  sack 
In  addition  to  the  oxygen  supplied  In  the  continuous  stream.  Thus  the 
sack  reduces  the  Inspiration  backpressure  and  makes  It  possible  to  re¬ 
duce  the  oxygen  flow-rate  norm  (see  Table  17). 


P^.  173.  KM-19  oxygen  mask  with  additional  container,  l)  Mask  frame; 
2)  wire  support;  3)  expiration  valve;  4)  connection  tube;  5)  breathing 
sack;  6)  tube;  7)  oxygen  supply  hose;  8)  fastening  strap. 


The  wire  support  2  Is  used  to  fit  the  frame  of  the  mask  onto  the 

-  55  - 


bridge  of  the  nose,  and  straps  8  are  em¬ 
ployed  to  fasten  the  mask  to  the  head. 

In  contemporary  passenger  aircraft 
the  possibility  of  donning  masks  rapidly 
is  achieved  by  the  fact  that  in  the  case 
of  a  drop  in  cabin  pressure  the  mask  is 
automatically  released  from  its  container 
in  the  celling  of  the  cabin,  and  it  dan¬ 
gles  by  its  hose  in  front  of  the  passen¬ 
ger's  face. 

A  schematic  diagram  of  an  excess- 
pressxire  mask  together  with  the  oxygen 
unit  is  shown  in  Pig.  176. 

The  over-all  view  of  the  mask  used 
in  conjunction  with  a  0  suit  is  shown  together  with  the  protective 
helmet  (see  Pig.  208).  The  frame  of  the  mask  consists  of  a  single 
piece  of  rubber  with  a  soft  bead  to  ensxire  tight  application  against 
the  face.  A  shaped  steel  clamp  in  the  frame  is  used  to  hold  the  fasten¬ 
ing  straps  of  the  mask.  The  clan^),  moreover,  protects  the  mask  against 
deformation  as  a  result  of  the  forces  of  the  Internal  excess  pressure 
or  as  a  result  of  the  outside  alrstream. 

A  schematic  diagram  of  the  mask's  outlet  valve,  functioning  under 
excess  pressure,  is  shown  in  Pig.  17^.  Uie  oxygen  enters  the  mask  dur¬ 
ing  the  Inspiration  phase  through  a  corrugated  hose  and  the  inlet 
valve.  The  latter  consists  of  a  rubber  plate  valve  and  a  plastic  seat. 

The  outlet  valve  Is  intended  to  eliminate  the  exhaled  gaseous 
mixture,  whether  or  not  excess  presstire  exists  In  the  mask.  The  iris 
outlet  valve  3  Is  therefore  cempressed  by  spring  9  to  its  seat  by  the 
x*ubber  valve  membrane  2  whose  Internal  cavity  is  connected  by  a  tube 
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Pig.  174.  Mask  expiration 
valve  with  excess  pras- 
sure.  1)  Expiration  valve 
frame;  2)  valve  membrane; 
3)  Iris  valve;  4)  cover 
plate;  5)  connector  nut; 
o)  annular  shock  absorber; 
7)  guide  sleeve;  8)  nut; 

9)  spring.  A)  Mask  frame; 
B)  Inlet  valve;  C)  bit. 


to  the  inspiration  line  or  to  the  mask-pressure  regulator.  When  oxygen 
under  excess  presstire  enters  the  mask  at  altitudes  in  excess  of  12  ton, 
the  same  pressure  acts  on  the  inside  of  the  valve  membrane  2,  balances 
in  ti  1C'  hXLlJii  *Ji  k,  and  the  valve  cannot  open  on  its  own.  The 
v4VVS  Will  be  sealed  even  more  tightly  dtirlng  inspiration,  as  the  pres- 
Stire  Inside  the  mask  is  reduced.  On  expiration,  the  pressure  in  the 
mask  rises,  the  iris  valve  3  and  the  valve  membrane  2  back  off  from 
the  seat,  and  the  expired  mixture  passes  into  the  atmosphere  through 
the  orifices  in  the  valve  frame.  Spring  9  ensures  the  alrtlghtness  of 
valve  3  on  inspiration  and  eliminates  the  possibility  of  its  adhering 
to  the  valve  membrane. 

In  order  to  ensure  a  tighter  fit  of  the  mask  against  the  face, 
a  tension  compensator  la  fastened  to  the  headset  of  the  helmet.  As 
excess  pressure  is  built  up  in  the  mask,  the  rubber  chambers  of  the 
compensator  fill  with  air  and  extend  the  mask-fastening  straps. 

The  oxygen  masks  employed  with  automatic  lungs  for  flights  below 
12,000  m  differ  from  those  described  in  that  they  have  a  simple  outlet 
valve  consisting  of  a  thin  mica  disk  pressed  against  the  plastic  seat 
by  means  of  a  spring. 

Contemporary  masks  exhibit  the  following  weights: 


Mask  for  flights  below  12,000  m .  0.35-0.5  kg 

Mask  with  excess  pressure  (including 
pressure  re^lator  and  tension 

ccmpeneatorj .  1.2  -1.7  kg 


To  prevent  the  weight  of  the  regulator  and  the  hoses  from  exerting 
pressure  against  the  pilot’s  head,  the  regulator  is  fastened  to  the 
strap  of  the  parachute  suspension  system  by  means  of  a  fast-acting  re¬ 
lease. 

Masks  for  space  pressure  suits  are  similar  to  masks  employed  be¬ 
low  altitudes  of  12,000  m,  but  they  are  lighter  in  weight,  since  they 


-  57  - 


•t' 

ape  not  called  upon  to  resist  the  alrstream.  In  order  to  reduce  the 
dlnenaiona  of  masks  worn  umderneath  a  helmet,  the  inlet  and  outlet 
valves  are  sometimes  removed  from  the  masks  and  positioned  along  the 
appropriate  hoses. 

Particular  attention  should  be  devoted  to  the  problem  of  the  tak¬ 
ing  In  of  food  and  water  by  a  pilot  wearing  an  oxygen  mask.  According 
to  llteratiire  data*  the  pilot  of  a  strategic  aircraft  loses  about  7  kg 
In  weight  as  a  result  of  evaporation  during  a  period  of  8-9  hours, 
even  if  he  Is  sitting  still.  In  order  to  retain  mental  and  physical 
operational  efficiency,  the  pilot  must  be  able  to  consxame  water  and 
food.  The  brief  removal  of  the  mask  can  be  tolerated  If  the  "altitude 
In  the  cabin"  Is  not  In  excess  of  6000  m.  To  feed  a  pilot  at  great  al¬ 
titudes,  use  Is  made  of  masks  In  whose  front  sections  at  mouth  level  a 
special  airtight  valve  has  been  installed.  This  valve  can  be  forced 
open  by  means  of  the  plastic  mouthpiece  which  can  be  connected,  by 
means  of  a  tube,  to  a  thermos  containing  tea,  coffee,  milk,  water,  or 
nutritional  liquid  mixtures. 

On-Board  (Stationary}  Oxygen  Equipment 

The  basic  and  most  ccmanon  type  of  on-board  oxygen  equipment  Is 
the  one  Involving  Intermittent  feed.  It  should  be  pointed  out  that  In 
Its  pure  form  the  principle  of  the  automatic  lung,  l.e.,  supply  accord¬ 
ing  to  need  during  the  Inspiration  phase.  Is  suitable  only  as  long  as 
the  "altitude"  In  the  cabin  does  not  exceed  12,000  m  and  the  oxygen 
mask  fits  tightly  against  the  face.  In  the  remaining  cases,  the  on¬ 
board  equipment,  through  use  of  additional  mechanisms,  provides  for  a 
continuous  supply  of  oxygen.  This  Improves  the  reliability  of  oxygen 
supply  and  ensitres  safety  In  hlgh-altltude  flight. 

A  typical  schematic  diagram  of  an  oxygen  iinlt,  of  the  automatlc- 
lung  type,  la  shown  In  Pig.  175. 
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Pig.  175.  Schematic  diagram  of  antomatlc-lung  oxygen  equipment!.  1) 
Membrane;  2)  lever;  3,  5,  7,  15)  springs;  4)_valve;  6)  Injector  noz¬ 
zle;  8)  reverse  valve;  9)  silr  Intake  valve;  10)  diaphragm  dox;  ll) 
manual  alr-lntake  switch;  12)  Injector  diffuser;  13)  diaphragm  box  of 
excess -pres sure  mechanism;  l4)  cap;  l6)  connection  tube  (communicates 
with  the  atmosphere  or  connects  to  the  shell  of  the  space  pressure 
suit);  17)  oxygen  mask;  18)  Inlet  valve  (rubber);  19)  outlet  valve 
(mica).  A)  To  Indicator. 


The  device  functions  In  the  following  manner.  The  expansion  In 


the  mask  on  Inspiration  propagates  along  the  hose  to  the  frame  of  the 
unit,  the  elastic  membrane  1  bends  and  presses  against  lever  2  of  the 
automatic  lung.  Lever  2  opens  valve  4  through  the  transmission  links 
and  the  oxygen  passes  to  the  nozzle  of  Injector  6  and  slmultaiieously 
to  the  connection  tube  of  the  Indicator.  The  stream  of  oxygen  emanating 
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from  nozzle  6  produces  rarefaction  In  the  housing  of  the  Injector  and 
through  the  return  valve  8  draws  In  air  from  the  outside,  forming  an 
oxygen-air  mixture.  The  composition  of  the  mixture  Is  controlled  auto¬ 
matically  by  valve  9  which  communicates  with  the  diaphragm  box  10, 

With  Increasing  altitude  the  diaphragms  expand  and  reduce  the  flow¬ 
through  cross-sectional  area  open  to  the  air.  At  an  altitude  of  about 
9000  m  valve  9  Is  completely  closed  off  and  pure  oxygen  enters  the 
mask. 

The  pilot  can  set  off  the  air  Intake  at  will  by  turning  lever  11. 
This  may  become  necessary  In  the  case  of  desaturation  or  upon  the  ap¬ 
pearance  of  heuToful  Impurities  In  the  cabin. 

On  expiration  the  pressiare  In  the  operating  chamber  of  the  device 
Increases,  membrane  1  and  lever  2  deflect  to  the  left  (of  the  figure), 
valve  4  closes,  and  the  supply  of  oxygen  Is  shut  off  until  the  subse¬ 
quent  Inspiration. 

The  nozzle  of  the  Injector  has  an  extremely  small  orifice  and  may 
easily  become  fouled.  In  order  to  prevent  the  stoppage  of  the  oxygen 
supply  and  to  prevent  the  breakdown  of  the  Indicator,  the  nozzle  Is 
fabricated  In  the  form  of  a  safety  valve  which  Is  closed  by  means  of 
spring  5. 

The  nozzle  functions  as  a  valve  as  well  when  the  required  oxygen 
volume  exceeds  the  flowthrough  capacity  of  the  nozzle  Itself. 

In  order  to  reduce  the  danger  of  oxygen  starvation  as  a  result  of 
an  ljq?roperly  fitted  mask,  the  device  Is  equipped  with  an  additional 
mechanism  consisting  of  diaphragms  13,  cap  l4,  and  spring  15.  At  alti¬ 
tudes  in  excess  of  5-6  km,  the  diaphragms  expand  and  begin  to  press 
against  the  membrane  tlirough  the  cap  14  and  spring  15.  If  the  mask  Is 
airtight  and  a  pressure  of  35-40  mm  water  colvann  is  maintained  In  the 
mask  on  expiration,  the  force  of  the  Internal  pressure  against  the  mem- 
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brane  exceeds  the  force  of  the  spring  15  and  during  the  expiration 
phase  valve  4  will  be  closed.  If,  however,  the  mask  is  not  properly- 
fitted,  the  unit  will  feed  oxygen  continuous!; ,  both  dxirlng  the  In¬ 
spiration  and  expiration  phases,  which  Is  easily  detectable  from  the 
readings  of  the  oxygen  Indicator. 

The  on-board  oxygen  equipment  intended  for  flights  to  altitudes 
below  12,000  m  is  fabricated  In  accordance  with  this  description. 

In  order  to  provide  the  required  partial  oxygen  pressure  In  the 
case  of  flights  at  higher  altitudes.  It  Is  necessary  to  generate  ex¬ 
cess  oxygen  pressure  In  the  lungs. 

Without  balancing  counterpressure  against  the  chest  and  abdominal 
cavities,  the  excess  pressure  In  the  mask  cannot  be  permitted  to  ex¬ 
ceed  400  mm  water  column,  and  this  will  make  possible  operations  at 
altitudes  up  to  15  km  for  as  long  a  period  of  time  as  is  required  to 
bring  the  aircraft  back  to  the  sale  vaUilude  of  12  km. 

In  order  to  fly  at  allltudes  below  1>  km,  the  absolute  pressure 
In  the  mask  must  correapotul  to  an  altitude  of  no  nore  than  13,000  m, 
and  the  entire  surface  of  the  body  mv;a'  b'-'  to  a  counterpres¬ 

sure  equal  to  the  pressure  dlffei'en  «■  between  an  altitude  of  13,000  m 
and  the  actual  flight  altitude.  If  this  Is  not  achieved,  expiration 
becomes  Intolerably  difficult,  and  the  blood  circulation  Is  disrupted 
as  a  result  of  the  concentration  of  blood  from  the  body  at  the  extrem¬ 
ities. 

As  an  example  of  a  piece  of  oxygen  equipment  fitted  out  with  a 
high-pressure  mecf  anlsm,  we  present  below  a  description  of  the  British 
Mk-IT  device  which  Is  similar  to  the  American  D-2  unit  (Fig.  176). 

The  device  la  equipped  with  a  pressure -reduct Ion  mechanism  which 
reduces  the  oxygen  pressure  on  Inspiration  from  30  or  l4  kg/cm^  to  2.1 
kg/cm  ,  and  there  la  also  an  automatic  alr-lntake  mechanism  that  Is 
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Ig,  176.  Diagram  of  excess-presaiire  oxypen  unit.  1)  Stopcock;  2)  fil¬ 
ar;  3)  manometer;  4)  spring;  5)  Inlet  pressxire -reducer  valve;  6) 
reeaure-reducer  bellows;  7)  automatic-lung  valve;  8)  automatic -lung 
prlng;  9)  autcxna tic -lung  membrane;  10)  Injector  nozzle;  11)  flow- 
ndlcator  membrane;  12)  ^flashing  light"  of  Indicator;  13)  bellows  for 
itonatlc  air  Intake;  l4)  valve  of  automatic  air  Intake;  13)  return- 
low  valve;  16)  low  excess-pressure  bellows;  17)  spring;  lo)  pl\inger; 

))  high-pressure  bellows;  20)  safety  valve;  21)  manual  excess -pressure 
/Itch;  22)  fast-release  sleeve;  2^)  pressure  regulator  for  mask;  24) 
xopensatlon  valve,  expiration;  23)  Inspiration  valve.  AA)  Oxygen  mask; 
3)  oxygen  from  on-board  tank;  CC)  oxygen  from  parachute  unit. 


similar  to  the  one  described  above  (see  Fig.  175)* 

The  operating  principle  of  the  pressure -reduction  mechanism  and 
the  automatic -lung  mechanism  becomes  clear  from  the  diagram. 

At  an  "altitude"  In  the  cabin  ranging  from  0  .to  3  Ion,  the  oxygen 
or  air-oxygen  mixture,  enters  from  cavity  C  [B]  of  the  automatic  lung 
Into  the  mask  at  a  pressure  equal  to  the  air  pressure  In  the  cabin. 
When  the  "altitude"  In  the  cabin  reaches  a  level  of  3  l®i,  the  low  ex¬ 
cess-pressure  bellows  16  begins  to  expand  and  the  central  spring  17, 
which  Is  tensioned,  releases  and  through  plunger  18  and  the  system  of 
levers  acts  to  open  the  automatic -lung  valve. 

The  forces  exerted  by  springs  8  and  17,  the  area  of  the  large 
membrane,  and  the  gear  ratios  of  the  levers  are  chosen  so  that  at  an 
altitude  of  3,6  km  a  pressure  of  25  mm  water  column  Is  developed  In 
the  operating  cavity  of  the  device.  This  presstire  prevents  the  drawing 
of  air  Into  the  mask  from  the  surrounding  air  and  facilitates  Inspira¬ 
tion. 

If  the  "altitude"  In  the  cabin  rises  above  12  km,  the  high- 
pressure  bellows  19  expand,  as  a  result  of  which  the  central  spring  17 
becomes  more  tensioned  and  the  force  applied  to  the  center  of  the  auto- 
matlc-lung  membrane  Increases  as  the  pressure  drops  In  the  cabin,  thus 
opening  valve  7  slightly.  As  a  result  the  oxygen  Is  supplied  for  pur¬ 
poses  of  inspiration  under  excess  pressure  In  comparison  with  the  am¬ 
bient  medium.  In  the  case  of  the  Mk-17  unit  the  excess  pressure  changes 
from  50  mm  water  column  at  an  altitude  of  12  km  to  4l0  mm  water  column 
at  a  cabin  "altitude"  of  I5  km. 

The  retvirn-flow  valve  I5  In  the  automatic  air  Intake  prevents 
leakage  of  oxygen  when  the  pressure  In  the  operating  cavity  C  [B]  Is 
greater  than  the  air  pressirre  In  the  cabin. 

The  safety  valve  20  Installed  In  the  frame  of  the  device  prevents 


-  63  - 


a  riae  in  pressure  In  the  operating  cavity  of  the  unit  above  1000  mm 
water  column. 

Emergency  key  21  which  communicates  with  the  levers  of  the  auto¬ 
matic  lung  through  a  spring  Is  operated  to  check  the  excess  pressure 
in  the  mask  prior  to  takeoff.  The  key  has  two  positions,  l.e..  In  the 
first  position  (turning  of  the  key)  an  excess  pressure  of  50  mm  water 
column  Is  developed  while  In  the  second  position  (pre»jure  against  the 
key)  the  excess  pressure  amounts  to  23U  mm  water  column. 

In  the  event  of  ejection,  the  oxygen  supply  from  the  parachute 
unit  Is  connected  and  a  fast-release  sleeve  Is  actuated,  subsequent  to 
which  the  excess  pressure  in  the  mask  is  maintained  by  means  of  the 
regulator  Installed  at  the  end  of  the  mask  hose. 

In  addition  to  the  described  direct  (mechanical)  method  of  devel¬ 
oping  excess  pressure  in  the  oxygen  equipment,  we  also  make  use  of 
pneunwtio  control.  In  this  case,  a  small  additional  quantity  of  oxygen 
is  fed  into  the  cavity  above  the  membrane  and  the  pressure  in  this 
cavity  is  regulated  in  accordance  with  the  altitude  by  means  of  the 
diaphragm  and  the  springs  of  the  safety  valve.  This  pressure  produces 
the  sasm  effect  as  the  direct  action  of  the  bellows  and  springs  against 
the  membrane  of  the  automatic  lung. 

In  the  case  of  devices  with  excess  pressure  the  isagnitude  of  the 
continuous  oxygen  supply  actuated  automatically  at  an  altitude  of 
11,500-12,500  m  generally  asiounts  to  15-20  liters  per  minute  (referred 
to  ground  conditions).  The  shutting  off  the  supply  may  occur  with  a 
certain  lag  at  an  altitude  of  about  8  km.  We  shall  have  to  bear  this 
in  mind  in  calculating  the  required  oxygen  supply. 

Monitoring  Instruments 

The  monitoring  and  control  of  proper  operation  of  the  on-board 
oxygen  equipawnt  Is  achieved  by  swans  of  manometers  and  so-called  oxy- 
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gen>£low  Indicators.  In  the  case  of  equipment  with  continuous  oxygen 
feed  the  operational  principle  of  the  Indicator  is  analogous  to  a 
floating  rotameter  (gas  flowmeter)  or  It  Is  based  on  the  principle  of 
measuring  the  pressure  difference  across  the  narrow  and  wide  sections 
of  a  Venturi  tube.  In  the  case  of  automatic  lungs  high-quality  flow 
Indicators  made  In  the  form  of  two  bllnklnf^  "eyes”  (tabs)  are  Installed, 
these  reacting  to  a  change  In  pressure  at  the  Instant  of  Inspiration 
at  the  Inlet  to  the  automatic -lung  Injector.  In  the  case  of  continuous 
oxygen  feed  the  eyes  of  the  Indicator  remain  open  throughout. 

To  monitor  the  pressure  In  space  pressure  suits  and  the  helmets 
of  Q  suits  a  combined  device  Is  employed,  l.e.,  the  so-called  altitude 
and  pre  satire -difference  Indicator.  The  main  scale  of  the  Instrument 
Indicates  the  altitude  to  which  the  pressure  in  the  helmet  (mask)  cor¬ 
responds.  Moreover,  the  Instrument  measures  the  pressure  difference 
between  the  helmet  and  the  cabin. 

Parachute  Oxygen  Equipment 

General  Information,  requirements,  and  operating  principle 

Parachute  oxygen  equipment  (PKP)  consists  of  elements  for  Indi¬ 
vidual  use  and  supplies  pilots  with  oxygen  In  the  case  of  aircraft 
ejection  and  parachute  descent.  Moreover,  PKP  may  be  employed  In  the 
event  that  the  main  oxygen  system  breaks  down,  and  It  may  also  be  used 
to  supply  oxygen  during  the  descent  of  an  aircraft  to  a  safe  altitude 
(l.e.,  an  altitude  of  the  order  of  4000  m,  beneath  which  oxygen  Is  no 
longer  required). 

In  terms  of  operational  principle  PKP  is  included  among  the  con¬ 
tinuous-feed  oxygen  equipment.  The  o;^gen  supply  Is  kept  under  high 
pressure  (150  atm)  In  a  group  of  tanks  or  In  a  single  bottle.  Under 
nonnal  flight  conditions  this  supply  Is  not  consigned  and  the  pilot 
breathes  the  oxygen  supplied  by  the  on-board  equipment. 
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^  ^  ^  nie  basic  requirements  Imposed  on  PKP  can  be  reduced  to  the  fol¬ 
lowing: 

1.  In  the  case  of  ejection  from  the  aircraft  the  actuation  of  the 
oxygen  supply  must  proceed  automat ically^  with  absolute  reliability, 
and  without  fail. 

2.  In  the  assembly  of  the  equipment  it  is  necessary  to  take  into 
consideration  the  manner  in  which  it  la  carried  by  the  individual  and 
the  way  it  la  stored  in  the  parachute.  !nie  equipment  should  not  inter¬ 
fere  with  the  pilot's  ability  to  fly  nor  should  it  hinder  the  ejection 
procedure. 

3.  Ihe  oxygen  supply  norms  and  the  oxygen  reserve  norms  must  be 
matched  to  the  regime  and  time  of  descent  diirlng  the  pilot-  and  main- 
chute  phases. 

The  physiological  norms  of  oj^gen  supply  to  the  mask  from  the 
parachute  equiixaent  may  be  determined  on  the  basis  of  the  data  pre¬ 
sented  in  Table  I8. 


TABLE  18 

Physiological  Norms  of  PKP  Oxygen  Supply 
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1)  Altitude,  in  tan;  2)  12  and  higher;  3)  Og  sup¬ 
ply  norm,  in  standard  liters  per  minute,  not 
less  than. 


In  terms  of  the  method  enqployed  to  regulate  the  stqpply  of  oxygen, 
parachute  equipment  can  be  divided  into  equipment  having  pressure - 
redwjing  apparatus  and  equipment  having  no  such  device.  In  the  equip¬ 
ment  with  pressure -reducing  apparatus,  the  pressure  of  the  oxygen  en¬ 
tering  troa  the  bottle  drops  from  15O  to  4-10  atm  (varying  with  the 


manufacturer).  At  the  outlet  from  the  pressure- 
reduction  apparatus  there  Is  a  Jet  (nozzle).  The 
adiabatic  discharge  of  the  oxygen  throtigh  the 
nozzle  at  sonic  critical  speed  and  with  constant 
pressure  In  front  of  the  nozzle  provides  for  a 
constant  oxygen  flow  rate  In  this  type  of  equip¬ 
ment.  This  flow  rate  Is  generally  set  to  range 
from  6  to  8  standard  liters  per  minute.  This 
equipment  Is  used  for  flights  with  masks  to  al¬ 
titudes  of  the  order  of  10  km. 

In  the  case  of  parachute  KP  In  which  there 
la  no  pressure-reduction  equipment,  the  oxygen 
la  discharged  from  a  bottle  directly  through  a 
nozzle  or  capillary  tube  and  then  enters  the  Inspiration  hose  of  the 
mask.  In  either  case,  the  oxygen  flow  rate  la  greatest  at  the  Instant 
at  which  the  equipment  Is  t\irned  on  and  It  diminishes  as  the  pressure 
drops  off  In  the  tank  (bottle)  (Fig.  177).  This  type  of  characteristic 
la  for  the  most  part  In  correspondence  with  the  required  physiological 
norms  (see  Table  18)  and  the  regime  of  descent. 

In  the  case  of  equipment  without  pres sure -reducing  apparatus  and 
where  the  diameter  of  the  nozzle  Is  extremely  small  (less  than  0.15 
ram),  fabrication  of  the  equipment  Is  difficult.  Copper  tubes  with  an 
Inside  diameter  of  O.35  mm  and  4500  mm  long  are  used  In  the  equipment 
using  capillary  tubes.  The  required  oxygen  flow  rate  Is  achieved  by 
calibration  of  the  inside  channel  of  the  tiabe  with  chemical  etching. 

The  Indicated  tube  diameter  and  the  length  of  the  tube  are  selected  so 
as  to  eliminate  the  possibility  of  the  freezing  In  the  tube  of  the 
moisture  which  may  be  contained  In  negligible  quantities  In  the  oxygen. 
In  equipment  employing  a  nozzle  freezing  Is  more  likely,  since  the 


Pig.  177.  Oxygen 
flow  rate  as  a 
function  of  KP-23 
operating  time. 
Capacity  O.83 
liter;  Initial 
pressure,  I50 
atm.  1)  Oxygen 
supply.  In  stand¬ 
ard  liters  per 
minute;  2)  time. 
In  minutes. 
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process  of  adiabatic  discharge  from  the  nozzle  Is  acconqpanled  by  a  sig¬ 
nificant  reduction  In  temperature. 

Vfhen  the  separation  of  the  pilot  from  the  ejection  seat  Is  calcu¬ 
lated'  for  altitudes  of  3  km  or  lower.  It  Is  possible  to  use  parachute 
OJQrgen  equipment  that  Is  stored  together  with  the  oxygen  supply  In  the 
seat.  This  equipment  may  be  either  of  the  continuous -feed  or  automatic- 
lung  variety. 

At  the  present  time  the  most  common  equipment  in  use  Is  the  para¬ 
chute  oxygen  equipment  without  any  pres sure -re duct Ion  apparatus,  this 
equlpnent  carried  either  by  the  pilot  or  as  part  of  the  parachute  sus¬ 
pension  system. 

Asseiably  and  design  of  parachute  oxygen  equipment  and  Its  functioning 
on  ejection 

Parachute  KP  Is  assembled  either  with  a  single  bottle  or  with  a 
group  of  tanks  mounted  In  a  flat  container. 

The  first  assembly  version  Is  the  type  used  In  Brit Ish-Amer lean 
equipment.  The  following  devices  are  mounted  at  the  throat  of  the  bot¬ 
tle  idilch  has  a  water  capacity  of  0,4-0. 7  liter:  a  stopcock,  a  small- 
scale  manoneter,  a  metering  nozzle  with  a  filter  In  front,  and  flow 
and  ctiarglng  connection  tubes.  Parachute  equlpsient  of  this  type  Is 
stored  In  a  soft  covering  case  which  Is  strapped  to  the  suspension  sys¬ 
tem  of  the  parachute  at  belt  height  or  directly  to  the  pilot's  hip 
(bee  Fig.  170a).  The  bottle  must  be  fastened  securely  to  prevent  Its 
being  torn  away  on  ejection. 

The  automatic  switching  on  of  the  equipment  Is  carried  out  by 
BMAns  of  a  baroBietrlc  sensing  element  at  a  pressxire  corresponding  to 
an  altitude  of  about  13,000  m.  Provision  la  also  made  for  loanual  opera¬ 
tion  «f  the  equipment  (see  the  sphere  with  a  cable  In  Fig.  170a). 

The  second  assembly  version  Is  employed  for  domestic  parachute 
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equipment,  l.e.,  KP-23  and  KP-27M.  The  schematic  diagrams  of  these  two 
types  of  equipment  are  shown  In  Pig.  178.  The  oxygen  Is  carried  In  a 
grouping  of  series-connected  German-silver  bottles  with  a  total  capac¬ 
ity  of  about  0.83  liter  with  an  outside  diameter  of  20.5  mm  and  a  wall 
thickness  of  I.25  mm.  The  operating  pressure  Is  150  atm.  All  of  the 
equipment  Is  mounted  In  a  23-mm-hlgh  duralumin  box  which  Is  fastened 
to  the  pack  of  a  "seat"  parachute  or  (In  the  case  of  a  parachute  back¬ 
pack)  to  the  suspension  system. 

A  charging  connection  tube  1  Is  connected  on  one  side  of  the  bot¬ 
tle  group,  while  manometer  5  and  capillary  tube  6  are  connected  to  the 
other  side  (the  parameters  of  the  capillary  tube  were  presented  ear¬ 
lier),  The  bottle  grouping  Is  connected  through  the  capillary  tube  to 
the  stopcock  device.  The  actuation  of  the  equipment  Is  carried  out 
automatically  on  ejection. 

The  KP-23  and  KP-27M  equipment  shows  a  number  of  structxiral  dif¬ 
ferences,  primarily  In  the  stopcock  system  (the  switches).  These  dif¬ 
ferences  are  based  on  the  fact  that  the  first  unlc  is  employed  with 
seats  that  have  not  been  provided  with  consolidated  tubliig  releases, 
while  the  second  piece  of  equipment  Is  designed  to  function  In  combina¬ 
tion  with  a  VKK  [hlgh-altltude  G  suit]  designed  for  seats  equipped 
with  such  consolidated  releases,  Plgtire  178  shows  how  parachute  oxygen 
equipment  Is  connected. 

In  the  case  of  the  KP-23  vinlt  the  oxygen  hose  connecting  the  on¬ 
board  equipment  to  the  oxygen  mask  passes  through  a  switch  equipped 
with  a  stop  valve  and  a  fast-acting  release  (Pig.  179)*  At  the  Instant 
that  the  pilot  leaves  the  aircraft  the  disconnecting  of  the  on-board 
hose  and  the  switching  to  the  [oxygen]  supply  from  the  parachute  equip¬ 
ment  are  carried  out  simultaneously  and  automatically.  With  the  Initial 
movement  of  the  seat  the  halyard  I6  (a  chain  or  cable)  tenses,  the 
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Fig*  178.  SchAnatlc  diagram  of  KP-23  and  KP-27N  parachute  oxsrgen 
equlpMnt.  1}  Charging  connection  tul)e;  2)  return-flow  valve;  3)  bot¬ 
tle  group:  4}  filter;  5)  manometer:  6)  capillary  tube;  7)  atopcock;  8) 
awlteh;  9)  halyard  (chain  or  cable);  10)  starter;  11)  on-board  (sta¬ 
tionary)  oxraen  equipment;  12)  mask;  13)  pressure-reducing  mechanism 
In  imsk;  14}  Bowden  cable  guide  through  which  passes  the  cable  release 
for  the  KP-27N  equipment;  15)  manual  switch;  lo)  consolidated  release. 
A)  to  the  mask. 

pins  of  the  release  14  are  Jerked  out  of  their  openings,  the  plate 
springs  12  release  the  conic  projections  11  of  the  switch  and  under 
the  action  of  spring  5*  lever  6,  and  rod  10  the  hose  of  the  on-board 
equipment  Is  Jettisoned.  Simultaneously,  spring  5  presses  against 
plunger  4,  opens  the  stopcock  3#  and  the  oxygen  streams  out  of  the 
bottles  through  the  capillary  tube  Into  the  mask  hose.  The  return-flow 
valve  9  blocks  oxygen  leakage  from  the  frame  of  the  switch  to  the  at¬ 
mosphere.  As  the  oxygen  reserve  Is  used  up  and  the  oxygen  supply  Is 
reduced,  at  which  time  ejqpanslon  may  take  place  In  the  mask  on  Inspire- 
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tlon,  the  air  required  for  breathing  Is  drawn  In  through  the  mica  valve 

9-  .1 

The  airtightness  of  the  oxygen  hose  connecting  the  two  parts  of 
the  switch  Is  ensured  by  means  of  a  rubber  pad  13  which  Is  kept  under 


Pig.  179«  KP-23  equipment  switch.  1)  Filter;  2,  5,  8)  springs;  3)  stop¬ 
cock;  4)  plunger;  6)  lever;  7)  dog;  9)  retiorn-flow  valve;  10)  rod;  11) 
Insert  with  conic  projection;  12)  spring;  13)  rubber  pad;  14)  release 
pin;  15)  screw-sleeve;  l6)  release  chain  (halvard).  A)  Position  A;  B) 
to  mask;  C)  compressed  oxygen  from  bottles;  D)  from  stationary  equip¬ 
ment;  e)  to  aircraft. 

pressxire  by  means  of  a  screw-sleeve  15  after  pins  14  have  been  Inserted 
Into  cones  11. 

Unlike  the  KP-23  equipment,  the  parachute  KP-27M  equipment  lacks 

I 

a  releasfe  for  the  separation  of  the  on-board  oxygen  hose  (the  latter 
passes  to  the  side  of  the  equipment),  and  there  Is  only  a  starter 
[trigger]  for  the  automatic  or  manual  actuation  of  the  oxygen  feed. 

The  separation  of  the  on-board  hoses  Is  achieved  by  means  of  a  special 
mechanism  known  as  a  consolidated  tubing  release  that  Is  attached  to 
the  seat.  On  ejection  of  the  pilot  the  consolidated  release  opens  auto¬ 
matically  by  means  of  a  halyard  that  Is  fastened  to  the  cabin  floor. 
When  this  takes  place  the  lower  section  of  the  release  which  Is  con¬ 
nected  to  the  cable  (which  actuates  the  KP-27M  equipment)  Is  attached 

I 

remains  In  the  aircraft,  while  the  upper  portion  of  the  release  "moves 
away"  together  with  the  pilot.  The  retiirn-flow  valve  In  the  connection 
tubes  of  the  upper  section  [of  the  release]  close  off  all  of  the  pliimb- 
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ihg.  Insulating  the  breathing  organs  from  the  atmosphere.  The  oxygen- 
ilupply  hose  from  the  KP«27M  equipment  to  the  mask  and  the  0  suit  are 
connected  directly  to  the  appropriate  plumbing  by  means  of  a  T- Joint 
at  a  point  between  the  upper  portion  of  the  consolidated  release  and 
the  individual  equipment  (see  Pig.  188). 

The  trigger  of  the  KP-S:7M  equipment  (Pig.  180)  functions  In  the 
following  manner,  l.e.,  when  cable  l4  la  Jerked  out  key  13  Is  pulled 
out  of  pin  12.  As  a  result  rod  10,  fastened  by  means  of  lever  11  to 
pin  12  presses  against  plungers  6  and  4  under  the  action  of  the  ten¬ 
sioned  spring  9.  Plunger  4  opens  the  stopcock  3.  As  It  continues  to 
move  rod  10  presses  pad  7  which  It  carries  against  bracket  8,  thus 
securing  the  a lt‘ tightness  of  cavity  A.  The  drawing  In  of  the  air  re¬ 
quired  with  the  reduction  In  the  oxygen  svqjply  Is  achieved  by  means  of 
the  mica  valve  in  the  oxygen  connection  tube  of  the  Inspiration  line 
In  the  upper  section  of  the  consolidated  release. 


Pig.  l80.  Schematic  dlaCTam  of  KP-27M  trigger.  1)  Pllter;  2,  5,  9) 
springs;  5)  valve;  4,  6)  plungers;  7)  pad;  8)  bracket;  10)  rod;  11) 
lever;  12}  pin;  I3)  key;  14)  cable  attached  to  the  on-board  section  of 
the  consolidated  release;  13)  manual  act\xator.  A)  Oxygen  to  suit  and 
■ask;  B)  oxygen  from  bottle  group. 

The  weight  of  the  parachute  oxygen  equipment  Is  as  follows:  KP-23, 
4.9  kg;  KP-27M,  5.3  kg. 


I  storage  of  parachute  KP-23  and  KP-27M  equipment  with  parachute  and  In 
seat 

Parachute  oxygen  equipment  of  the  KP-23  and  KP-27M  variety  are 
used  together  with  parachutes  whose  backpacks  are  equipped  with  a  spe- 

I 

j  clal  pocket  to  carry  the  parachute  oxygen  equipment.  In  flights  In 
I  which  the  portable  emergency  kit  In  carried  In  the  bucket  of  the  seat, 
the  pocket  for  the  parachute  [oxygen]  equipment  Is  positioned  between 
the  emergency  kit  and  the  pilot,  fastened  to  the  parachute  suspension 
system. 

As  a  rule,  KP-23  and  KP-27M  equipment  Is  carried  In  a  pocket  on 
the  front  side  of  the  parachute,  l.e.,  the  trigger  for  the  equipment 
facing  the  same  direction  as  the  pilot.  However,  an  opposite  position 
for  the  equipment  Is  possible.  If  the  KP-23  equipment  Is  stored  so 
that  the  hoses  face  In  the  direction  of  the  seat  backrest,  a  suffi¬ 
ciently  large  opening  must  be  provided  for  In  the  bucket  of  the  seat 
to  provide  an  exit  for  the  separating  hose  during  ejection  and  this 
must  be  tested  by  operating  the  ejection  mechanism  In  a  ground  Instal¬ 
lation. 

The  KP-27M  equipment  must  be  positioned  so  that  the  hose  Is  dl- 
;  rected  toward  the  consolidated  plumbing  release.  For  aircraft  from 
which  ejection  proceeds  upward,  the  consolidated  release  is  generally 
mounted  on  the  left-hand  side  of  the  seat. 

§5.  HIGH- ALTITUDE  G  SUITS  (VKK) 

General  Information  and  Operating  Principle 

VKK  [G  suits]  are  used  to  ensirre  flight  safety  and  pilot  siirvlval 
in  the  case  of  cabin  depressurization  at  altitudes  In  excess  of  12-15 
km.  G  suits  are  used  either  In  conjunction  with  an  oxygen  mask  under 

I 

j  excess  pressure  or  In  combination  with  an  airtight  helmet  (see  Fig. 
i  170a). 


In  the  first  case  the  maxlnum  flight  altitude  Is  16-17  km,  idille 
in  the  latter  case  It  la  possible  to  operate  at  a  flight  altitude  of 
40-50  km,  although  for  only  a  very  limited  period  of  time  Involving 
but  a  few  minutes.* 

At  altitudes  below  12  km  the  absolute  oxygen  pressure  In  the  her¬ 
metically  sealed  helmet  Is  eq\ial  to  the  ambient  pressure.  Above  12  km, 
a  constant  absolute  pressure  Is  automatically  maintained  In  the  air¬ 
tight  helmet,  this  pressure  corresponding  to  the  altitude  in  question, 
l.e.,  144  mm  Hg.  Therefore,  when  climbing  to  an  altitude  above  12  km 
we  find  the  excess  pressure  In  the  airtight  helmet  must,  according  to 
the  conditions  of  the  standard  atmosphere,  attain  the  magnitudes  In¬ 
dicated  in  Table  19. 


TABLE  19 

Excess  Pressure  In  0-Suit  Airtight  Helmet  as  a 
Function  of  Flight  Altitude 
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1}  Flight  altitude,  in  km;  2)  30  and  higher;  3) 
excess  pressure  in  helmet;  4)  in  am  Kg;  3)  in 

kg/cm^. 

A  good  0  suit  must  exhibit  the  following  basic  properties: 

1)  exert  uniform  oounterpressure  over  the  entire  body  siirface, 
his  oounterpressure  equal  to  the  pressure  of  the  gas  In  the  lungs; 

2)  not  restrict  the  movements  of  the  pilot; 

3)  be  air  and  vapor  tight; 

4)  lend  itself  to  being  put  on  and  taken  off  without  outside  help. 
The  operational  principle  behind  a  hlgh-altitude  0  suit  Involves 
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the  fact  that  the  surface  of  the  body  Is  subject  to  mechanical  com¬ 
pression  at  a  specific  pressure  equal  to  the  pressure  of  the  gas  In 
the  lungs.  This  Is  achieved  by  means  of  special  tensioning  devices 
which  Incorporate  pneumatic  chambers. 

Figure  l8l  shows  schematic  diagrams  of  the  operation  of  two  types 
of  tensioning  devices. 

The  stress-bearing  diagram  of  the  device  shown  In  Fig.  l8la  looks 
like  a  loop  In  the  form  of  a  figure  eight  In  which  the  small  circle 
houses  the  pneumatic  chamber.  As  the  chamber  becomes  filled  with  gas 


It  straightens  out.  Increases  In  diam¬ 
eter,  and  constricts  the  large  circle, 
l.e..  It  reduces  the  perimeter  of  the 
suit. 

In  the  diagram  shown  In  Pig.  l8lb, 
as  excess  pressure  Is  developed  In  the 


Pig.  181.  Schematic  dia¬ 
grams  of  two  types  of  ten¬ 
sioning  devices  for  the 
mechanical  constriction  of 
body  surface  (cross-sec¬ 
tional  area),  a)  Diagram 
with  circular  pnexanatlc 
chambers,  q  =  Pj^(dj^2R)j  b) 

diagram  with  flat  pneumatic 
chambers,  q  —  Pj^.  The  solid 

line  denotes  the  contour  of 
the  pneumatic  chiamber;  the 
double  thin  lines  denote 
the  shell  of  the  suit;  Pj^ 

Is  the  pressure  inside  the 
pneumatic  chamber;  q  Is  the 
specific  pressure  or  the 
suit  against  the  body.  1) 
Body. 


chamber,  the  latter  expands  and  con¬ 
currently  presses  one  of  Its  sides 
against  the  surface  of  the  body  while 
the  other  side  draws  In  the  shell  of 
the  suit.  As  a  result  pressure  Is  ex¬ 
erted  against  the  body  storface  over 
the  entire  perimeter. 

The  constriction  devices  of  a  Q 
suit  [VKK]  are  generally  made  In  the 
form  shown  In  Pig.  I8la,  since  In  this 
case  the  surface  of  the  body  Is  no¬ 


where  In  contact  with  the  rubber  chamber,  and  as  a  result  there  Is  no 


Impairment  of  the  natural  ventilation  of  the  body.  Devices  made  In  ac¬ 


cordance  with  the  diagram  shown  In  Pig.  I8lb  are  convenient  and  are 

-  75  - 


used  to  exert  pressure  against  the  abdom¬ 
inal  region,  the  hands,  and  the  soles  of 
the  feet. 

Let  us  determine  the  specific  pressure 
against  a  body,  produced  by  a  suit  made  on 
the  basis  of  the  diagram  shown  In  Fig.  I8la. 
Without  taking  Into  consideration  the  fric¬ 
tional  force,  the  tensioning  T  of  the  strap 
per  unit  length  of  generatrix  will  be 
T  -  Pic(<H/2)  kg/cm,  (299) 

where  Pj^  and  dj,  are,  respectively,  the  pres- 
sure  In  the  chambers  In  kEE/cm  and  the  di¬ 
ameter  of  the  chamber  In  cm. 

The  tightening  [tensioning]  of  the 
suit  shell  In  turn  Is  equal  to 

T  =  kg/cm,  (300) 

where  ^  Is  the  specific  coinpresslon  of  the 
body.  In  kg/om‘ ;  R  Is  the  curvatu3?e  radius  of  the  corresponding  por- 
tlcm  of  the  body.  In  cm. 

Since  the  strap  of  the  tightening  device  and  the  fabric  of  the 
suit  shell  combine  to  make  up  a  series -connected  stress-bearing  system, 
the  tension  of  the  strap  and  of  the  suit  shell  are  Identical  and,  con¬ 
sequently, 

Pk(  “  qP*  (301) 

from  which  we  get  the  specific  constriction  of  the  body 

q  -  Pk^^k/^^^  kg/cm^.  (302) 

nie  magnitude  of  the  specific  pressure  ^  against  the  body  must  be 
equal  to  the  excess  pressure  of  the  oxygen  In  the  hermetically  sealed 
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Fig.  182.  Specific 
compression  of  body  as 
function  of  pzwssxire 
In  chambers  of  con¬ 
striction  device.  1) 
Theoretical  magnitude 
according  to  Formula 
(302);  2  and  3)  spe¬ 
cific  conqpresslon  of 
actual  suit  (2  —  with 
proper  prior  testing; 

3  —  with  liq>roper 
prior  testing  of  suit); 
ay  forward  stroke;  b) 
reverse  stroke  of  con¬ 
striction  device.  A) 
Specific  pressure 
against  body;  B)  pres¬ 
sure  In  chambers. 


helmet 


Pigxire  182  shows  a  qualitative  distinction  between  the  actual  con¬ 
striction  of  the  body  and  the  theoretical.  The  dashed  straight  line  1 
corresponds  to  Formula  (302).  Because  of  the  friction  between  the  0 
suit  [VKK]  and  the  pilot's  xinderwear,  as  well  as  because  of  the  fric¬ 
tion  In  the  folds  of  the  covering  case  of  the  tension  chamber,  the 
specific  pressiire  exerted  against  the  body  Is  lower  than  the  theoreti¬ 
cal  as  the  pressure  In  the  chamber  rises  (curve  2a),  while  with  a  drop 
In  pressure,  conversely,  the  specific  pressure  Is  greater  than  the 
theoretical  (curve  2b).  Curves  3a  and  3b  In  this  same  flgiore  correspond 
to  the  case  In  which  the  movement  of  the  straps  of  the  tensioning  sys¬ 
tem  Is  smaller  than  the  slack  of  the  suit  (for  example,  as  a  result  of 
slightly  loose  fit).  In  this  case,  the  compression  of  the  body  Is  In¬ 
adequate  (Incomplete  compensation).  In  order  to  reduce  the  danger  of 
Incomplete  compensation.  It  Is  expedient  to  have  as  much  play  as  pos¬ 
sible  In  the  tensioning  system.  This  can  be  achieved  by  increasing  the 
diameter  of  the  tensioning  chambers,  or  by  Increasing  their  number.  In 
actual  fact.  If  two  or  three  series -connected  tensioning  devices  of 
Identical  diameter  are  Incorporated  Into  the  contour  of  the  stress¬ 
bearing  system,  according  to  Formula  (299)  the  constriction  of  the 
body  will  not  change;  however,  there  will  be  a  significant  Increase  In 
the  total  play  of  the  tensioning  elements.  Therefore,  In  order  not  to 
Increase  the  dimensions  of  the  suit,  as  a  rule  two  longitudinal  ten¬ 
sioning  chambers  are  Incorporated  along  the  frame  of  a  VKK  [G  suit]. 

The  sleeves  and  pant  legs  are  restricted  to  a  single  chamber  each.  The 
position  of  the  tensioning  chambers  can  be  seen  from  Pig.  I83.  Let  us 
determine  the  pressure  required  In  the  chambers  of  the  tensioning  de¬ 
vice.  It  follows  from  Formula  (301)  that 

Pjc  =  2Rq/dj^  kg/cm^. 
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(303) 


Expreaslon  (303)  shows  that  the  pressure  In  the  tensioning  chamber 
must  be  greater  than  the  reqpilred  counterpressure  at  the  body  by  a  fac¬ 
tor  idilch  Is  equivalent  to  the  extent  to  which  the  diameter  of  the  cor- 
respondli^  portion  of  the  body  Is  greater  than  the.  chamber  diameter. 


Pig.  183.  !^rpical  positioning  of  tension  chambers  on  0  suit  (front  and 
rear  views  of  suit).  1)  Press\are  [tension]  system;  2]  zipper;  3)  over¬ 
alls;  4)  rubber  hose  of  pressure  [tension]  system;  3)  connecting  tube 
of  pressure  system;  6)  connecting  tube  of  0  suit. 


Let  us  assume  that  all  the  parts  of  a  human  body  are  circular  In 
cross  section  and  that  the  mean  diameter  of  the  chest  cavity  Is  equal 
to  32  cm,  while  the  diameter  of  the  chamber  Is  equal  to  6  cm.  For  the 
selected  Initial  magnitudes,  we  obtain 

/.-“fi 

i.e. ,  the  minimum  required  relationship  of  excess  pressxires  between 
the  alrtl^t  helmet  and  the  pressure  [tension]  chambers  amounts  approx¬ 
imately  to  1:3*  Taking  the  frictional  forces  Into  consideration,  we 
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must  raise  the  pressure  In  the  chambers  somewhat. 

Since  all  of  the  tensioning  chambers  of  a  VKK  [G  suit]  are  most 
conveniently  filled  from  a  single  automatic  unit,  it  is  obvious  that 
the  pressure  In  all  of  the  chambers  should  be  Identical.  Consequently, 
in  order  to  ensure  uniform  specific  pressure  the  stress-bearing  cover¬ 
ing  cases  of  the  tension  chambers  for  the  extremities  must  be  made  of 
slightly  smaller  diameter.  In  accordance  with  Formula  (302).  On  the 
other  hand.  It  should  be  borne  in  mind  that  VKK  [a  G  suit]  falls  to 
provide  for  complete  compensation  over  the  entire  surface  of  the  body. 
Such  areas  as  the  armpits  and  shoulder  blades,  the  groin,  the  elbows, 
and  the  knees  are  not  subjected  to  adequate  counterpressure  and  this 
may  result  In  the  concentration  of  blood  at  the  extremities.  In  order 
to  prevent  this  from  happening,  elevated  constriction  of  the  legs  Is 
employed.  For  the  hands  every  effort  Is  made  not  to  Introduce  any  sig¬ 
nificant  Increase  In  chamber  diameter  so  as  not  to  restrict  movement 
or  to  increase  dimensions.  The  final  parameters  of  the  tensioning  de¬ 
vices  are  verified  experimentally  on  test  models. 

The  ratio  between  the  pressxire  In  the  hermetically  sealed  helmet 
and  the  tensioning  chambers  In  various  types  of  VKK  [G  suits]  produced 
by  foreign  firms  Is  kept  within  limits  of  from  1:5  to  1:10. 

The  final  selection  of  the  relationship  between  the  pressures  In 
the  airtight  helmet  and  the  chambers  Is  a  fiinction  of  cabin,  hatch, 
and  seat  dimensions. 

Design  of  Hlgh-Altltude  G  Suit 

A  G  suit  consists  of  a  pair  of  overalls  with  straps  and  pneumatic 
chambers.  The  overalls  may  be  made  of  cotton,  linen,  capron,  or  nylon 
material.  The  material  must  be  strong,  light,  permit  the  passage  of 
air  and  vapor,  and  It  must  also  exhibit  a  minimum  coefficient  of  fric¬ 
tion. 
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She  auit  la  tailored  ao  that  the  material  la  atretched  aa  little 
I  iti^aalble  In  the  direction  In  which  tenalon  la  exerted.  The  front  of 
I  th^  overalla  are  open,  but  can  be  cloaed  by  meaiia  of  a  zipper.  To  fa- 
^  Cllltate  the  putting  on  and  talcing  off  of  a  fitted  ault  (l.e.,  a  auit 
^  adjuated  for  the  pilot 'a  figure),  the  aleevea  and  pant  lega  are  pro- 
'  vlded  with  zlppered  allta. 

She  tenalonlng  device  cone lata  of  a  pneumatic  chamber  and  atraps 
which  are  wrapped  around  the  entire  length  of  the  chamber,  each  txu’n 
aeparated  by  a  width  equal  to  the  width  of  the  etrapa.  Figure  l6la 
'  ahowa  a  achematlc  diagram  of  the  tenalonlng  ayatem;  an  element  of  the 
tenalonlng  ayaten  la  ahown  In  Fig.  184.  she  pneumatic  chamber  la  made 
of  rubberized  material,  or  It  cornea  In  the  form  of  a  rubber  chamber 
houaed  In  a  capron  or  nylon  covering  caae.  With  the  aupply  of  oxygen 


Pig.  184.  Element  of  ten¬ 
sioning  system  used  In  VEK 
[hlgh-altltude  0  suit].  1) 
lacing;  2}  suit  shell;  3) 
straps;  4)  pneumatic  cham¬ 
ber. 


the  chamber  straightens  out  and  tightens 
the  overall  material  through  the  straps. 
A  single  chamber  is  Installed  In  the 
suit  along  each  sleeve  and  each  pant 
leg,  and  there  are  two  chambers  on  the 
torso.  For  greater  mobility  In  the  air¬ 
craft,  the  chambers  are  shaped  so  as  to 
conform  to  the  seated  position  of  a 
pilot.  When  straight  chambers  are  used 
at  the  knee  and  elbow  Joints,  the  cham¬ 
ber  is  fastened  by  means  of  a  strip  so 
that  at  this  particular  cross  section 
the  diameter  la  reduced  by  a  factor  of 


3-4  (but  a  passage  for  the  oxygen  remains  open). 


Flat  chambers  are  used  In  order  to  exert  pressure  against  the  ab¬ 


dominal  cavity.  Hlgh-altltude  a  aulta  (VKK)  abroad  are  produced  In  12 


sizes.  The  suits  weigh  from  2.8  to  3.^  kg  each.  Lacing  Is  employed  to 
achieve  Individual  fit  of  the  suit  In  the  diameter,  and  the  lacing  Is 
found  around  the  torso,  the  arms,  and  legs.  After  fitting,  the  slack 
In  the  suit  should  be  slightly  less  than  the  play  of  the  tensioning 
system. 

Pitting  and  Using  VKK 

When  a  pilot  receives  a  new  suit  he  must.  In  cooperation  with  a 
suit  technician,  first  fit  and  check  the  suit  on  his  own  body.  The  fit¬ 
ting  of  a  suit  Is  generally  carried  out  In  the  following  sequence: 

1.  The  suit  Is  put  on,  the  zippers  are  closed,  and  an  excess  pres¬ 
sure  of  the  order  of  0.3-0. 4  kg/cm^  Is  generated  In  the  tensioning 
chambers . 

2.  In  seated  position  all  laces  are  tightened  (with  the  exception 
of  those  on  the  sleeves)  so  that  the  straps  of  the  tensioning  system 
remain  with  a  play  of  2-3  cm. 

3.  Oradxially  the  pressure  In  the  tensioning  chambers  Is  raised  to 
the  operating  pressure.  In  this  case,  the  margin  of  strap  tension 
should  not  be  determined  before  the  pressure  In  the  chambers  reaches 
90^  of  the  maximum  operating  pressure. 

4.  The  laces  on  the  sleeves  are  tightened  when  the  pressure 
reaches  TO-SOjK  of  the  operating  pressiore,  so  that  the  sleeves  fit 
tightly  about  the  arms. 

5.  When  the  pressxire  In  the  chamber  reaches  90-100^  of  the  operat¬ 
ing  pressure,  a  check  Is  carried  out  to  determine  whether  the  suit  Is 
exerting  pressure  against  the  body  uniformly,  whether  the  presstare  Is 
causing  local  pain,  and  to  make  certain  that  no  Intolerable  Impairment 
of  movement  results. 

A  properly  selected  (with  respect  to  size)  and  fitted  suit  Is 
evaluated  subjectively  by  determining  whether  or  not  a  pilot  has  com- 
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freedom  of  movement  idien  there  Is  no  pressure  In  the  tensioning 
ehembers,  and  if  pressure  is  developed  In  these  chambers  whether  he 
senses  uniform  conq;>res8lon  against  all  surfaces  of  the  body,  with  In¬ 
significant  restriction  of  movement. 

improper  (somewhat  too  loose)  fitting  of  the  suit  may  produce 
sudden  loss  of  consciousness. 

Jersey  tuadergarments  (positively  without  buttons  and  straps)  are 
worn  beneath  the  Q  suit,  and  these  produce  minimum  friction  against 
the  uterlal  of  the  suit. 

Depending  on  the  time  of  the  year  and  the  theater  of  operations, 

conventional  fll^t  clothing  Is  worn  over  the  Q  suit.  It  Is  ijiqportant 
* .  •  • 

for  the  jacket  to  have  a  zlppered  opening  In  the  center  to  permit  pas¬ 
sage  of  the  straps  for  the  regtilator  of  helmet  tension. 

0  suits  may  also  be  used  In  combination  with  waterproof  survival 

suits. 

Design  of  Airtight  Helmets* 

For  flights  higher  than  15-17  ion,  the  0  suit  Is  used  together 
wito  an  airtight  helmet  [known  In  Russian  abbreviation  as  a  "germo- 
shlem"  —  QSh].  Ihe  airtight  helmet  completely  protects  the  pilot's 
head  against  the  outside  atmosphere.  The  sealing  off  of  the  helmet  Is 
achieved  about  the  neck  by  means  of  a  multisect lone d  rubber  valve.  As 
has  already  been  pointed  out,  the  airtight  helmet  serves  all  functions 
of  the  oxygen  mask.  Moreover,  It  provides  ideal  pressure  compensation 
about  the  surface  of  the  head.  Ihe  airtight  helmet  also  protects  the 
face  and  head  of  a  human  being  against  the  effects  of  ram  pressure  on 
ejection,  as  well  as  against  the  accidental  striking  of  the  head 
against  objects. 

The  magnitude  of  the  required  excess  oxygen  pressure  In  an  air¬ 
tight  helmet  [aSh]  was  given  In  Table  19. 


Unlike  an  oxygen  mask,  the  following  additional  requirements  are 
Imposed  on  an  airtight  helmet: 

1.  The  open  apace  of  an  airtight  helmet  [OShj  should  not  be  overly 
large,  to  provide  for  normal  operation  of  the  automatic  limg  and  to 
ensure  a  low  concentration  of  carbon  dioxide  In  the  Inspired  air  (with 
an  excessively  large  free  space  the  expansion  resulting  from  Inspira¬ 
tion  may  be  Inadequate  to  set  the  automatic  lung  Into  operation). 

2.  The  helmet  must  satisfy  hygienic  requirements  with  respect  to 
ventilation  and  protection  against  radiative  heat. 

3.  The  helmet  should  not  restrict  visibility,  fog  over,  or  Impair 
head  movement. 

4.  The  helmet  must  be  of  mlnlm^lm  weight  (this  la  particularly  Im¬ 
portant  at  the  Instant  of  acceleration  on  seat  ejection  when  the  pilot 
finds  his  head  forced  forward;  a  heavy  helmet  may  damage  the  neck  ver¬ 
tebrae  ) . 

5.  The  helmet  must  have  a  movable  light  filter  for  xise  when  flying 
Into  the  sun. 

6.  The  visor  of  the  helmet  must  exhibit  good  optical  properties 
and  produce  no  distortions  (the  angular  shift  with  normal  ray  Incidence 
should  be  no  more  than  5 ' ) . 

7.  It  should  be  possible  to  put  on  and  remove  the  helmet  visor 
with  one  hand. 

Figure  185  shows  one  of  the  most  popular  types  of  airtight  hel¬ 
mets.  Ihls  hermetically  sealed  helmet  consists  of  three  basic  tonlts:  a 
face  frame  1  with  a  helmet  liner;  a  helmet  2;  and  a  transparent  visor 
3.  A  thin  rubber  helmet  liner  4  Is  hermetically  sealed  to  the  face 
frame,  and  this  liner  Is  fitted  out  with  a  valve  to  ensure  the  alr- 
tlghtness  of  the  helmet  about  the  neck.  The  rubber  liner  Is  covered 
with  a  stress -bearing  material  liner  5  which  Is  attached  to  the  same 
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Fig.  183.  Design  of  contesqporary  airtight  helmets,  employed  as  part  of 
regular  Air  Force  equipment  In  many  foreign  countries.  1)  Pace  frame 
with  soft  helmet  liner:  2)  helmet;  3)  transparent  visor;  4)  airtight 
rubber  helmet  liner;  3)  strong  helmet  liner  of  material;  6)  bundle  of 
ooaaunlcatlons  leads;  7}  microphone;  8)  oxygen  hose;  9)  window-heat 
leads;  10)  helmet  tensioning  roller;  11)  helmet  release;  12)  visor  re¬ 
lease.  A)  Position  A. 


face  frame.  The  material  liner  Is  provided  with  laces  for  pxirposes  of 
regulation  and  a  zipper  to  permit  rapid  donning.  At  the  bottom  the 
liner  termliatea  In  a  neclq)lece  irtilch  is  worn  beneath  the  G  suit  to 
prevent  Its  creeping  out  as  excess  pressiire  Is  generated  In  the  helmet. 
She  rigid  helmet  Is  fastened  to  the  face  frame  at  three  points,  l.e., 
on  top  at  the  center,  and  at  the  sides.  She  helmet  contains  an  adjust¬ 
able  soft  section  designed  to  permit  change  in  helmet  depth  as  It  Is 
fitted  on  the  person.  She  transparent  visor  Is  fastened  to  the  face 
frame  at  2  points,  l.e.,  suspended  troa  a  hook  at  the  top,  and  tlght- 
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ened  at  the  bottom  by  means  of  a  catch. 

The  airtight  sealing  of  the  visor  Is  achieved  either  on  the  basis 
of  the  "knife  against  rubber"  principle,  or  by  pressing  an  Inside 
valve  to  the  surface  of  the  visor.  The  transparent  visor  [face  plate] 
Is  made  of  plexlglas,  two  pieces  bonded  together,  with  heating  ele¬ 
ments  consisting  of  wires  0.03  mm  In  diameter  between  the  plates.  The 
spacing  between  the  wires  la  about  O.25  mm.  This  electrical  heating 
provides  a  temperature  of  30-37°C  on  the  Inside  surface  of  the  glass 
and  completely  protects  the  ^laaa  against  fogging  over  and  Icing.  The 
specific  power  of  the  electrical  heating  for  various  tyi>es  of  helmets 
ranges  between  O.O8  and  O.15  w/cm^.  Figure  l86a  shows  the  required 
specific  powr  as  a  function  of  the  temperatvire  difference  between  the 
Inside  surface  of  the  helmet  glass  and  the  outside  air,  the  latter  cal¬ 
culated  on  the  basis  of  the  conventional  heat-transfer  formulas  in 
vrtilch  convection  and  radiation  have  been  taken  Into  consideration  on 
the  basis  of  a  heat-transfer  coefficient  a  =  6  kcal/m  -hr  C. 


Fig.  186.  Characteristics  of  electrically  heated  visor  plates  of  her¬ 
metically  sealed  helmets  (in  quiescent  air),  a)  Temperature  difference 
between  Inside  surface  of  plate  and  the  outside  air  as  a  ftinctlon  of 
the  specific  heating  power;  b)  heating  time  for  plate  with  various 

specific  powers.  1)  Temperature  difference  At  ®C;  2)  specific  power  In 

P  P 

w/cm  ;  3)  O.I5  w/cm  ;  4)  specific  power;  5)  heating  tlm^.  In  minutes. 
The  time  required  for  the  heating  of  the  plexlglas  plate  as  a 


function  of  the  specific  power  Is  shown  In  Fig.  l86b.  The  plate  tem- 
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piMture  is  controlled  manually  by  means  of  a  rheostat  or  automatically. 
Ihc  (penslng  elerttnt  of  the  automatic  teiq;}erature  regulator  Is  a  minia¬ 
ture.  thermistor  glued  Into  the  plats. 

A  balanced  outlet  [expiration]  valve  Is  mounted  In  the  lower  por¬ 
tion  of  the  visor  plate  (the  same  as  shown  In  Fig.  174)  and  an  Insplra- 
tion  valve  Is  also  attached  here,  with  the  corrugated  hose  that  con- 
leots  to  the  on-board  oxygen  supply  connected  to  the  frame  of  this 
latter  valve. 

As  excess  pressure  Is  developed  a  rather  great  force  directed  up- 

is  exerted  on  the  helmot,  this  force  being  equal  to  the  product 
}f  the  excess  pressure  and  the  area  difference  between  the  cross  sec- 
;ion  of  the  helmet  (at  Its  greatest  points)  and  the  neck.  With  an  ex- 
:aii  pressure  of  0.2  kg/cm  (corresponding  to  a  flight  at  an  altitude 
)f  36  km  and  hi^ier)  this  force  is,  on  the  average,  equal  to  70  kg. 
ro-teep  the  helmet  on  the  head  and  to  prevent  Its  shifting  vq)ward, 
hire  is  a  tensioning  device  provided  for  the  helmet  (see  Fig.  170a). 
here  is  a  single  roller  on  each  side  of  the  helmet,  and  these  are 
uspended  from  free-swinging  hinges.  A  thin  cable  is  passed  through 
ach  of  the  rollers  and  this  cable  is  fastened  by  means  of  snap  hooks 
0  rings  that  have  been  sewn,  for  this  purpose,  into  the  0  suit,  ihe 
easioning  system  of  the  helmet  Is  provided  with  a  length  control  that 
3  operated  at  will  by  the  pilot  by  tugging  at  the  strap  passed  through 
8elf-grl{g)lng  buckle.  Partial  automation  of  cable  tightening  can  be 
chieved  by  taking  advantage  of  the  pressure  in  the  chambers  of  the 
jlt. 

Mben  the  helmet  is  on  cooisunlcations  are  effected  by  means  of 
ilepbones  or  a  microphone  mounted  generally  on  a  headset  worn  directly 
1  tiie  head.  The  quality  of  communications  depends  in  great  measure  on 
lO ^distance  between  the  mlorophozte  and  the  lips.  If  the  microphone  is 
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mounted  on  a  special  bracket  as  part  of  the  headset,  the  position  of 
the  microphone  Is  virtually  Independent  of  the  position  of  the  OSh 
[airtight  helmet]  which  may  nevertheless  shift  upward  xinder  the  action 
of  the  excess  pressure. 

Other  types  and  designs  of  hermetically  sealed  helmets  are  pre¬ 
sented  In  Pig.  187. 

The  airtight  helmet  shown  In  Fig.  l87d  has  a  rigid  plastic  helmet 
(for  example,  made  of  flberglas  or  glass  textollte)  which  covers  the 
entire  head,  and  a  visor  which  can  move  radially  upward  and  can  be 
fixed  In  this  position.  The  light  filter  Is  mounted  Inside  the  helmet, 
mis  procedure  makes  It  possible  to  automate  the  closing  of  the  visor. 

The  semirigid  airtight  helmet  shown  In  Pig.  l87b  Is  equipped  with 
a  permanently  closed  viewing  visor.  To  prevent  fogging  of  the  plastic 
plate,  the  latter  Is  designed  of  two  panels  which  a  clearance  (there 
la  no  Information  as  to  whether  or  not  a  vacuum  exists  In  this  clear¬ 
ance  } . 

There  Is  an  opening  with  a  cover  In  the  lower  portion  of  the  face 
frame  of  the  helmet,  this  orifice  Intended  for  breathing  on  the  gro\ind 
and  for  the  Intake  of  food. 

The  airtight  helmet  shown  In  Pig.  I87e  Is  of  Interest  because  the 
sealing  valve  Is  positioned  between  the  neck  and  a  ring  on  which  the 
helmet  turns.  This  makes  It  possible  to  remove  the  helmet  and  put  It  on 
again  easily,  thus  providing  great  operational  convenience,  since  It 
enables  the  pilot  during  the  hot  season  to  prepare  for  takeoff  without 
having  to  remain  enclosed  within  the  helmet. 

Some  of  the  airtight  helmets  from  among  those  shown  In  Pig.  l87b, 
c,  and  d  have  the  mask  Incorporated  as  part  of  the  design  (these  types 
of  helmets  are  common  In  Great  Britain).  The  significance  and  purpose 
of  the  mask  Is  to  reduce  the  voltmie  of  dangerous  space  and  thus  to  re- 
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duoli  the  earbon-dloxide  content  in  the  inapired  air,  ae  well  as  to  re- 
dace^  the  humidity  of  the  air  In  the  vicinity  of  the  visor  plate.  Such 
a  jiask,  fastened  not  to  the  face  hut  to  the  forward  portion  of  the 
helpwt  is  not  completely  airti^t;  however^  this  is  safe  since  the  en¬ 
tire  helmet  is  filled  with  ojQrgen. 
fht  Oxygen  System  of  a  High-Altitude  Q  Suit 

Xd  the  event  of  cabin  depreasxirization  at  altitudes  in  excess  of 
12,000  m,  the  excess  sa>essure  in  the  lungs  and  the  'balancing  coimter- 
pressure  of  the  O  axiit  against  the  body  must  be  generated  automatically 
and  without  delay,  within  a  period  of  time  not  to  exceed  3.3  seconds. 

In  this  case,  so  as  not  to  damage  the  lungs,  the  rise  in  presstire  in 
the  suit  chambers  must  precede  the  appearance  of  excess  pressure  in 
the  lungs  by  0.5-l«5  seconds.  OSiis  represents  the  main  feature  of  the 
oxygen  system  esqployed  in  a  high-altitude  0  suit. 

■  -f 

figure  188  shows  one  of  the  possible  block  diagrams  of  a  VKK  [Q 
suit]  oxygen  system.  In  addition  to  the  oxygen  sources  for  the  suit 
and  airtight  helmet,  the  system  Incliides  an  on-board  oxygen  unit  with 
an  acceleration-blocking  mechanism  8,  a  consolidated  release  12,  a 
parachute  oxygen  \uiit  11,  a  psTessure -ratio  regulator  9,  and  the  cor- 
resp<n3dlng  plumbing  (hoses).  The  connection  tubes  located  along  the 
llx^  A-A  are  used  to  connect  the  airti^t  helmet  and  the  suit  once  the 
pl^t  is  seated  in  the  cabin.  The  separation  of  the  hoses  connected  to 
the  ccnmra  release  12  in  the  event  of  ejection  takes  place  along  the 
line  B-B 

Below  an  altitude  of  12  ttousand  meters  tlM  pilot’s  st^jply  of  oxy- 
geq  is  provided  by  the  on-board  oxygen  equipment  whose  operational 
principle  is  analogous  to  that  of  the  excess-pressure  equipment  (see 
fig.  176).  Above  12  km  diaphragm  valves  Installed  in  the  blocking 
aeohanism  provide  for  the  rapid  filling  of  the  suit  chambers  with  oxy- 


Pig.  187.  Various  types  of  foreign  airtight  helmets  used  In  conjunc¬ 
tion  with  Q  suits,  a)  Mass-produced  USAP  helmet:  b)  helmet  with  sewn- 
In  double  visor  plates  and  mouth  hatch;  c  and  d)  helmets  with  movable 
plates  and  hatches  for  food  Intake  (these  helmets  are  used  by  English 
test  pilots);  e)  helmet  on  rotating  bearing  (experimental  helmet,  USA). 


gen  (within  2-3  seconds),  with  subsequent  autcanatlc  switching  to  con¬ 
tinuous  feed  at  a  rate  of  15-20  standard  liters  per  minute,  this  being 
required  to  con^iensate  for  losses  and  to  develop  the  excess  pressure. 

The  pressure -ratio  regulator  9  apparently  consists  of  two  regu¬ 
lators  connected  within  a  single  frame,  l.e.,  the  pressure  regulator 
In  the  helmet  and  the  pressure  regulator  In  the  tension  chambers  of 
the  suit.  This  regulator  prevents  the  vintlmely  rise  In  mass  or  helmet 
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Ftc.  1^.  typical  olock  dlagran  of  oi^gen  syston  for  hlgh-altltude  0 
suit.  1)  Oxygen  bottle;  2}  on-board  charging  connection  tube;  3)  T- 
Jolnt  with  return-flow  valve;  4)  atox>coclc;  5)  pressure -reduction  iinlt; 
o)  oxygen  flow-rate  Indicator  with  manoaeter;  7)  jn^essure  nanometer  In 
breathing  system;  8)  on-board  oxygen  unit  with  blocking  mechanism;  9) 
pressure-ratio  regulator;  10)  manual  actuation  of  parachute  unit;  11) 
parachute  oxygen  unit;  12)  consolidated  release. 


excess  pressure  during  the  Initial  period  in  which  the  chambers  are 
filled  up,  and  then  it  maintains  the  given  pressure  ratio  between  the 
belset  and  the  chaaibers.  On  ejection  az2d  transition  to  the  oxygen  sup¬ 
ply  from  the  parachute  equlpsmnt  this  regulator  maintains  the  given 
pressure  regime  in  ^he  helmet  and  the  suit.  !Ihe  pressure -ratio  regu¬ 
lator  la  generally  positioned  on  the  hoses  between  the  parachute  unit 
and  tbs  suit. 

figure  189  shows  another  possible  version  of  an  oxygen  system  for 
a  m^-altitu(te  0  suit,  as  produced  by  the  French  ooBStany  Inter  tech- 

I 

i^^HS  Boulogne -BiUanoourt.*  In  this  system  the  parachute  oxygen  equlp- 
mt  la  fitted  out  with  an  automatic  liang  8  and  a  pressure  regulator  9 
wbleh  automatically  connects  the  supply  of  pure  oxygen  from  the  emer- 
gtnoy  bottle  7  if  the  osbin  altitude  exceeds  12,200  m.  On  seat  ejec- 
tlfla,  for  purposes  of  separating  from  the  on-board  ^tem,  provision 
baa  been  made  for  relaaset  5  and  6,  fitted  out  with  atop  (return-flow) 


f 


Pig.  189.  Block  diagram  of  the  oxygen  system  used  In  the  hlgh-altltude 
Q  suit  produced  by  the  Intertechnique  Boulogne -Blllancourt  Company.  1) 
On-board  oxygen  bottle;  2)  on-board  oxygen  equipment  (automatic  lung); 
3)  valve;  4)  pres sure -re duct Ion  mechanism;  5  and  6)  disconnect  sleeves 
with  retiirn-flow  valves;  7)  bottle  with  emergency  oxygen  reserve;  8) 
automatic  Iting;  9)  presstire  regulator  of  emergency  oxygen  system;  10) 
suit  tension  chambers;  11)  breathing  chamber;  12)  seat:  13)  airtight 
helmet;  14)  pressure  regulator  of  breathing  system;  15)  distributor 
valve. 


valves. 

One  of  the  shortcomings  of  a  conventional  Q  suit  In  breathing  at 
high  altitudes  under  excess  pressvire  Is  the  fact  that  additional  mus¬ 
cular  exertion  Is  required  on  Inspiration  and  the  chest  cavity  experi¬ 
ences  no  compensating  counterpressxire  on  expiration.  These  factors 
lead  to  rapid  pilot  fatigue  and  may  disrupt  the  circulatory  system  and 
the  supply  of  oxygen  to  the  organism.  To  ease  breathing  under  excess 
pressure,  a  pneumatic  chamber  11  Is  placed  beneath  the  suit  shell  In 
the  chest  area  (Pig.  I89),  this  chamber  connected  to  the  Inspiration 
line  of  the  oxygen  equipment.  With  such  a  breathing  chamber  the  pilot 
during  Inspiration  draws  In  o::^gen  from  the  chamber  and  the  counter- 
pressure  against  the  cheat  cavity  Is  reduced,  whereas  during  expira¬ 
tion  the  chamber,  conversely,  fills  with  oxygen  as  a  result  of  the 
continuous  feed  from  the  equipment  and  the  presa\ire  In  the  chamber 
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'  thus  easing  ejq;>lration.  With  a  0  suit  equipped  with  this  auxll- 

>v  ^  chamber  the  time  during  which  It  la  possible  to  remain 

„  at  higher  altitudes  Increases  severalfold  In  comparison  to  operations 
I  with  a  suit  not  equipped  with  such  a  chamber.  A  drawback  of  the  chamber 
K  is  the  slight  Impairment  of  hygienic  conditions,  l.e.,  the  ventilation 
Of  the  body  In  the  cheat  area  la  curtailed.  The  tension  chambers  of 
the  pressurized  gloves  are  connected  to  the  breathing  chamber  by  means 
^  Of  thin  tubes  situated  along  the  sleeves. 

r  Since  during  the  course  of  a  flight  an  emergency  develops  suddenly 

the  fllj^t  crew  must  be  trained  In  advance  and  become  familiar  with 
the  handling  of  the  VKK  [0  suit]  equii»nent  and  tlie  oxygen  apparatus  on 
p  the  ground  and  In  a  pressure  chamber. 

Special  training  oxygen  eqtilpment  Is  used  for  purposes  of  learning 
I  to  breathe  at  elevated  pressures  under  ground  conditions,  and  this 
equlpnent  makes  It  possible  exactly  to  regulate  the  excess  pressure  In 
tlim  breathing  system  (the  same  equipment  determines  the  magnitude  of 
;  leakage  tvcn  the  oxygen  masks).  An  advantage  of  the  XP-T  Is  the  fact 
that  It  provides  for  small  fluctuations  In  excess  pressure  In  the  hel¬ 
met  (or  mask)  during  Inspiration  and  expiration,  tdilch  cannot  be 
achieved  under  ground  conditions  when  rising  the  manual  elevated- 
preastcre  regulator  of  the  on-board  oxygen  equipment. 

frlor  to  each  takeoff,  after  assuming  his  position  In  the  air¬ 
craft#  the  pilot  must  generate  the  operating  excess  pressure  In  the 
(  breathing  system  and  In  the  suit  for  a  period  of  1-2  minutes,  person¬ 
ally  verifying  the  proper  functioning  of  the  entire  equipment  coiig>lex. 
S$.  im-AZd!ITDDS  SPACE  PRESSURE  SUITS 
(^eaeyal  Data  and  Classification 

P  In  the  event  of  aircraft  cabin  depressurization  at  high  altitudes 

r-  • 

(fin  excess  of  12,000  m)  prolonged  continuation  of  flight  without  reduc- 


Ing  altitude  and  conypletlon  of  the  mission  can  be  achieved  only  by 
means  of  a  hlgh-altltude  space  presstire  suit.  Moreover,  the  space  pres¬ 
sure  suit  serves  for  purposes  of  pilot  survival  on  ejection  from  the 
aircraft  at  great  speeds  and  altitudes.  The  space  pressure  suit  Is 
also  used  to  deal  with  problems  of  protecting  man  against  the  effects 
of  low  and  high  tei^peratures  and  for  water  survival. 

According  to  foreign  llteratxjre,  the  hlgh-altltude  space  pressure 
suit  Is  an  airtight  pair  of  overalls  connected  to  a  helmet.*  In  terms 
of  operational  principle,  the  space  pressure  suit  Is  analogous  to  a 
pressurized  cabin,  l.e..  It  Is  a  very  light,  elastic,  gastight  "cabin,” 
described  about  the  body  and  equipped  with  hinges  at  the  points  of  the 
major  Joints. 

On  depressxirlzatlon  of  the  aircraft  cabin,  the  absolute  air  pres¬ 
sure  In  the  space  pressure  suit  Is  generally  kept  equal  to  the  pres¬ 
sure  of  an  altitude  of  10,700-11,500  m.  Under  conditions  of  a  con5)lete 
vacuum  this  corresponds  to  an  excess  pressure  of  0.24-0.21  kg/cm  , 
which  Is  completely  adequate  when  breathing  pure  oxygen.  Setting  the 
"altitude"  In  the  space  pressure  suit  within  limits  of  10,700-11,500  m 
can  be  explained  by  the  effort  to  draw  the  greatest  possible  advantage 
from  a  compromise  between  Inadequate  mobility  of  the  shell  xmder  con¬ 
siderable  excess  pressure  and  the  conditions  under  which  hlgh-altltude 
sickness  sets  In.** 

However,  when  a  man  experiences  hlgh-altltude  pains  In  the  Joints, 
It  is  desirable  to  descend  to  an  altitude  of  8000  m  which  Is  equivalent 
to  the  generation  of  an  excess  pressure  of  0.35  kg/cm^  In  the  space 
pressure  suit.  In  a  pressurized  cabin  the  excess  pressure  In  the  space 

p 

pressure  suit  does  not  exceed  0.02  kg/cm  (200  mm  water  coltamn). 

In  addition  to  satisfying  the  above -Indies tea  requirements  with 
respect  to  the  magnitude  of  the  absolute  and  excess  pressures.  In  the 
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opinion  of  foreign  scientists  a  space  pressure  suit  must  exhibit  the 
following  proi>ertles: 

,  1)  It  must  have  good  mobility,  enabling  the  pilot  to  execute  all 

'  I 

necessary  movement; 

2)  It  must  provide  adequate  visual  freedom; 

3)  It  must  be  strong  (a  static  strength  margin  of  about  3)#  light 
In  weight,  gastlght,  and  ozone  resistant; 

4)  It  must  ensure  hygienic  conditions  with  respect  to  ventilation, 
iBOlsture  and  carbon-dioxide  removal,  and  temperature  control; 

5)  It  must  be  easy  to  put  on  and  fit  with  respect  to  height,  ex¬ 
erting  no  painful  pressure  against  the  body; 

6)  It  must  be  capable  of  floating  and  be  water  repellant,  and  It 
should  also  provide  protection  for  the  pilot  In  cold  water. 

Depending  on  the  ventilation  method  and  oxygen  supply  hlgh-altl- 
tude  space  firessure  suits  are  subdivided  Into  ventilation  and  regen¬ 
eration  units.  Bach  of  these  two  types  of  space  pressure  suits  can  be 
produced  with  or  without  a  mask,  l.e.,  with  an  oxygen  mask  on  the  face 
(inside  the  airtight  helmet)  or  without  a  mask. 

Basic  Space  Press\n?e  Suit  Design* 

A  typical  diagram  of  a  ventilation  space  pressure  suit  with  a 
BMisk  Is  shown  In  Fig.  190a.  The  ventilation  air  for  the  space  pressure 
suit  Is  taken  from  the  compressor  of  the  turbojet  engine.  It  passes 
through  the  flow-rate  and  tesqperatvire  regulation  assemblies  and  enters 
the  shell  of  the  suit.  In  which  special  tubes  and  panels  propagate  the 
air  throughout  the  entire  Inner  space  of  the  suit.  Thus  water  vapors 
sad  carbon  dioxide  liberated  from  the  body  are  removed. 

The  pilot  receives  his  oxygen  through  a  mask  from  on-board  oxygen 
equJ^poent  of  the  autooss  tic -lung  type,  similar  to  the  way  shown  In  Fig. 
173*  The  only  difference  between  the  automatic  lung  Intended  for  opera - 
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tlon  in  conjunction  with  a  space  pressure  suit  and  conventional  equip¬ 
ment  Is  the  fact  that  the  outside  cavity  of  the  membrane  Is  hermetic¬ 
ally  sealed  and  connected  by  means  of  a  tube  to  the  shell  of  the  space 
pressure  suit.  If  this  Is  not  done,  as  excess  pressure  Is  built  up  In 
the  space  pressure  suit  the  membranes  will  not  shift  as  a  result  of 
the  rarefaction  generated  by  Inspiration,  the  Inlet  valve  of  the  auto¬ 
matic  lung  will  not  open  up,  and  no  oxygen  will  enter  the  mask. 

During  a  parachute  descent  the  oxygen  supply  la  received  from  the 
parachute  equipment  which  Is  actxiated  autcmatlcally  at  the  Instant  of 
ejection.  In  the  case  of  engine  failure  the  emergency  pressurization 
of  the  space  suit  Is  carried  out  automatically  with  the  aid  of  a  spe¬ 
cial  on-board  tank.  The  sensing  element  In  this  case  Is  the  diaphragm 
box  fitted  with  contacts  that  actuate  a  solenoid  valve.  The  air  which 
ventilates  the  shell  and  helmet  of  the  space  pressure  suit,  as  well  as 
the  oxygen,  are  passed  Into  the  atmosphere  through  the  pressure  regu¬ 
lator  In  the  shell  of  the  suit.  This  regulator  freely  releases  all  of 
the  gas  below  altitudes  of  8-11.5  km,  while  at  higher  altitudes  it 
maintains  a  constant  absolute  pressxire  In  the  space  pressure  suit. 
Moreover,  the  space  pressure  suit  Is  equipped  with  a  salety  valve  which 
Is  set  for  the  maximum  excess  pressure  which  the  strength  of  the  given 
shell  can  withstand.  To  prevent  the  fogging  of  the  visor  plates,  the 
expired  air  is  removed  through  the  expiration  hose  which  Is  found  be¬ 
tween  the  soft  material  ciirtaln  separating  the  helmet  and  the  frame. 

The  ventllat Ion-type  apace  pressxjre  suit  without  a  mask  (Pig. 

190b)  differs  from  the  equipment  just  described  In  that  at  high  alti¬ 
tudes  pxire  oxygen  Is  fed  Into  the  helmet  and  only  the  extremities  and 
torso  are  ventilated  with  air.*  The  helmet  Is  separated  from  the  frame 
by  means  of  an  airtight  curtain  made  of  thin  rubber. 

If  a  large -voliane  helmet  Is  used  with  a  space  pressure  suit  of 
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this  type,  continuous  helmet  ventilation  by  means  of  an  oxygen-air  mix¬ 
ture  or  pure  oxygen  In  quantities  of  about  40  liters  per  minute  are  re¬ 
quired  for  purposes  of  removing  the  carbon  dioxide.  The  ventilation  of 
the  helmet  Is  achieved  by  means  of  a  continuous -feed  oxygen  unit,  and 
It  Is  enoTigh  to  pass  a  rather  thin  hose  from  this  linit  to  the  helmet 
of  the  space  pressxxre'  suit. 

i 

] 

In  the  case  of  a  small-volume  helmet  (for  example,  the  rotating 
helmet  shown  In  Pig.  170b),  It  Is  possible  to  use  the  automatic  lung, 
or  a  combined  piece  of  equipment  In  which  the  automatic  lung  Is  oper¬ 
ated  In  conjiinctlon  with  a  continuous-feed  mechanism. 

,  The  relative  humidity  of  the  air  In  the  helmet  of  a  space  pres- 

I 

sure  suit  without  a  mask  la  higher  than  In  the  case  of  a  suit  with  a 
mask,  since  the  air  Is  expired  Into  the  helmet.  Therefore,  In  order  to 
guard  against  the  fogging  of  the  visor  plates  the  helmet  of  a  space 
pressure  suit  without  a  mask  Is  made  of  two  plates  with  an  air  clear¬ 
ance  or  with  electrical  heating.  In  all  other  respects,  the  two  ven- 
^tllatlon  space  pressure  suits  are  Identical. 

It  should  be  pointed  out  that  the  hygienic  conditions  for  the 
human  head  with  respect  to  ventilation  and  the  temperature  regime  in 
the  case  of  a  space  pressure  suit  without  a  mask  are  somewhat  Inferior 
to  the  mask  version.  Damage  to  a  helmet  without  a  mask  and  the  disrup¬ 
tion  of  its  airtightness  leads  to  the  danger  of  oxygen  starvation,  but 
at  the  same  time  the  helmet  exhibits  the  following  advantages: 

1)  there  Is  no  mask  which  can  press  against  the  face  and  Irritate 

the  skin;  > 

2)  vomit  represents  no  danger  (with  a  mask  the  vomit  could  clog 
the  valves). 

In  order  to  complete  the  comparison  of  the  mask  and  maskless 


space  pressure-suit  vent Hat Ion-type  versions,  let  us  calculate  the 
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oaqf^n  flow  rate  for  the  space  pressure  suit  without  a  ioask«  proceeding 
the  following  two  conditions: 

^1)  the  total  supply  of  oxygen  and  air  through  the  helmet  Is  equal 
to  ho  liters  per  minute: 


<7o.-^+V;-40  1/mln; 

PM 


(304) 


^  2}  the  oxygen  content  In  the  gas  mixture  corresponds  to  the  given 
0^  percentage: 


flu  ^Vioo 

-V — — — %. 


(305) 


i^Ailvlng  Sqa.  (304)  and  (305)  simultaneously*  we  will  obtain 


Oe.- 


stand,  l/fflln. 


(306) 


'  ’  ^  results  of  the  calculation  performed  In  accordance  with  For¬ 
mula  (306)  are  shown  In  Fig.  191*  'She  required  oxygen  flow  rate  Is 
ealoulated  for  two  values  of  oxygen  concentration*  l.e.*  the  required 
■Inlssai  (according  to  Table  I6)  and  the  flow  rate  corresponding  to  ac> 
tua^  equlpawnt  (see  Fig.  172*  the  curve  for  v,  »  15  liters  per  minute). 
Tl^  aasw  graj^  also  shows  the  oxygen  flow  rates  In  the  case  of  equlp> 
■snt  with  periodic  feed*  operating  In  conjxuictlon  with  the  space  pres- 
aura  suit*  In  the  latter  case  the  volumetric  oxygen  flow  rate  Is  eqxial 
to  Idle  lung  ventilation*  since  If  even  only  slight  excess  pressure  Is 
preaent  in  the  space  pressure  suit  the  return-flow  valve  in  the  auto- 
■atto  air  intalos  closes  and  the  drawing  of  air  from  the  atmosphere 
(frep  the  cabin)  ceases. 

^  \  From  these  graphs  we  can  see  that  at  an  altitude  of  7-8  km*  given 
lung  ventilation  of  15  liters  per  minute*  the  oxygen  flow  rate  In  the 
caae  of  the  space  pressure  suit  without  a  mask  Is  hl^er  than  In  the 
case  of  a  space  pressiare  suit  iislng  a  siask*  and  this  by  a  factor  of 


aliwft  2. 
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Regeneration- type  apace  preaaure 
suits  are  generally  used  without  oxygen 
masks.  The  removal  of  carbon  dioxide 
and  water  vapors  from  the  expired  air 
la  carried  out  In  absorption  cartridges 
through  which  the  gas  flows  In  a  con¬ 
tinuous  stream  to  fill  the  free  space 
of  the  space  pressure  suit.  The  energy 
source  for  the  circulation  Is  provided 


Pig.  191.  Mean  oxygen  flow 
rate  for  ventllatlon-type 
space  presaixre  suit  with 
and  without  masks.  1)  0^ 

flow  rate  for  space  pres¬ 
sure  suit  with  ffiask«  In 
the  case  of  liuig  ventila¬ 
tion  of  15  liters  per  min¬ 
ute  (with  air  Intake  shut 
I  off);  2)  minimum  required 
i  Og  flow  rate  for  space 

pressure  suit  without  mask; 
3)  probable  Og  flow  rate 

with  actual  equipment  for 
space  pressure  suit  with¬ 
out  mask.  A)  Oxygen  flow 
rate.  In  standard  liters 
per  minute;  B)  v^  =  I5 

liters  per  minute;  C)  al¬ 
titude,  In  km. 


by  an  Injector  which  takes  advantage  of 
the  compressed  oxygen  In  the  bottle,  or 
a  ventilator  with  electric  drive  is 
provided. 

A  schematic  diagram  of  a  regenera¬ 
tion  system  for  space  pressure-suit 
supply  Is  shown  In  Fig.  I92.  The  gas  Is 
drawn  out  of  the  space  pressure  suit  by 
means  of  Injector  2,  It  passes  through 
the  carbon -dioxide  absorption  cartridge 
9,  then  through  the  moisture-absorption 
cartridge,  from  which  It  Is  rettirned  to 


the  helmet  and  the  space  pressure-suit  shell. 


A  specially  prepared  hy¬ 


drate  of  calcltim  oxide  may  be  used  as  the  absorption  agent  for  the 
carbon  dioxide,  and  silica  gel  la  used  to  absorb  the  water  vapors.  The 
maximum  absorptive  capacity  of  1  kg  of  these  materials  Is,  respectively, 
120-I5O  liters  of  carbon  dioxide  and  350-400  g  of  water  vapors. 

There  are  chemical  substances  which  can  liberate  oxygen  while 
simultaneously  absorbing  carbon  dioxide  (COg)  and  molstxire.  It  should 
be  stressed  that  the  substances  known  to  be  capable  of  absorbing  COg 
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Fi<«  192.  SoheMtlc  diagram  of  regenera tlon-type  apace  pressure  suit. 

1)  frasaure  reducing  sasohanlsm;  2)  injector;  3)  cock;  41  manometer;  5) 
supply  boss;  6)  pressure -difference  resistor;  7)  distributor 
ttMs;  8)  tose  for  rwsoval  of  waste  oxygen;  9)  absorption  cartridges. 

A)  Oxygen;  B)  silica  gel;  C)  KhPI  (not  specifically  identified  In  text; 
porotebly  refers  to  ohemloal  absorbent  of  carbon  dioxide]. 

ean  b«  employed  only  at  poeltlve  temperatures  and  If  water  vapors  are 
preient  in  the  gaseous  mixture. 

If  It  beooBMis  nsoessary  to  regulate  teoqperature  along  the  circu¬ 
it  IstOry  path  of  a  closed  gas  circuit;  heat  exchangers  for  purposes  of 
beatlj^  or  cooling  may  be  set 

^  Zn  order  to  develop  pressure  in  a  regenera tlon-type  space  pressure 
suit  and  to  balance  the  losses  through  the  shell,  oxygen  from  a  bottle 
is  fed  continuously  through  a  pressure -reducing  mechanism  and  a  cali¬ 
brated  tsrlflce.  The  nozsle  of  the  Injector  could  bj  employed  as  this 
orifice. 

fhe  magnitude  of  Um  oxygen  supply  must  exceed  the  magnitude  of 
t|xi  leakage  losses  and  In  the  case  of  a  regeneration  space  pressure 
suit  generally  amoimts  to  3*5  standard  liters  per  minute.  For  ventlla- 
tiofl-type  space  pressure  suits  a  somewhat  higher  rate  of  leakage  loss 
can  be  tolerated,  the  maxlaimi  of  this  loss  being  limited  by  the  average 
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magnitude  of  the  oxygen  supply  available  from  the  parachute  oxygen 
equipment. 

Future  apace  pressure  suits  will  apparently  be  of  the  regeneration 
type.*  These  pressure  suits  must  exhibit  the  highest  order  of  airtight 
closure.  They  will  be  confronted  with  the  problem  of  removing  carbon 
dioxide  and  generating  oxygen  by  completely  new  methods.  The  successful 
solution  of  this  problem  Is  possible  If  It  becomes  possible  to  apply 
photochemical  processes  for  this  purpose «  using  direct  or  converted 
solar  energy. 

Space  Pressure »Sult  Design** 

Basically^  a  space  pressiire  suit  consists  of  two  fundamental 
parts,  l.e.,  an  airtight  shell  and  a  helmet  (Fig.  193).  The  shell  Is 
provided  with  removable  airtight  boots  and  gloves. 


Fig.  193.  Gteneral  view  of  Goodrich  space 
pressure  suits  made  of  rubberized  fabric 
with  corrugated  articulation.  The  helmet 
turns  on  an  airtight  bearing,  a)  A  1956 
space  pressiire-sult  model;  b)  a  1958  space 
pressure -suit  model. 

Hie  problem  of  developing  a  flexible,  strong,  airtight,  convenient, 
and  light  shell  has  not  been  completely  resolved  to  the  present  time. 


101  - 


P fhe  prinoipla  of  oonstruetlng  a  aoft  apace  prassure-ault  ahell  la 
g  nilod  on  the  fact  that  any  aoft  ahell  under  the  action  of  Internal,  ex- 
I  oaaa-preaaure  tenda  to  aaaune  the  ahape  of  a  body  of  revolution.  It  la 

f';v  . 

f  tMrafore  expedient  to  repreaent  the  human  body  aa  conalatlng  of  Inter- 
I  aae^Jhag  bodlea  of  revolution:  the  torao«  represented  aa  a  cylinder; 

I  tha  IwlvlB  and  the  buttocks  as  hemispheres;  the  hlpa,  shins «  and  fore- 
I  araai  as  truncated  cooes,  etc.  Proceeding  from  specific  perimeters  of 
^  parts  of  the  huaan  body,  taking  Into  consideration  the  thickness  of 
r  the  Inside  clothing  and  the  sllj^t  clearances  for  air,  the  designers 
f  jomiatruot  a  ahell  about  such  an  idealised  shape  and  evolve  all  elements 
of  the  shell  with  precision,  regarding  the  ahell  as  a  solid  body.  Re- 

f';-'  ' 

Section  of  this  principle  leads  to  the  appearance  of  elevated  local 
;  .atreises  at  the  points  at  idilch  the  individual  parts  of  the  shell  are 
-  cranacted,  it  leads  to  a  reduction  In  the  strength  safety  margin,  and 

■  'v  '  ■ 

rfrsi^sh  deviations  from  the  anticipated  shape, 
r  At  the  points  corresponding  to  the  position  of  the  Joints  on  a 
Ihawin  body,  hinges  are  Installed  in  the  shell  (see  Pigs.  170b  and  193) > 
Aa  4iVBXLlt,  it  is  possible  to  a^ieve  satisfactory  mobility  both  with- 
^^t  oxoass  pressure  and  with  an  operating  pressure  difference  between 
ihell  and  the  ataos^iere. 

One  of  the  significant  features  of  a  material  shell  (unlike  metals) 
lii  i^  significant  elongation  under  the  action  of  Internal  press\n*e. 

^la  elimgatlon  is  not  restricted,  the  helmet  of  the  space  pressure 
itnlt  rises  considerably  above  the  head  of  the  man,  and  the  armholes  of 
^the  Sleeves  will  out  In  beneath  the  arsm.  therefore,  each  ahell  is  pre¬ 
yed  with  a  stress -bearing  system  consisting  of  thin  laces  idilch  can 
ibe  iieg}loyed  to  regulate  length  and  which  blocks  the  "growing"  of  the 
qpao#  pressure  suit  and  serves  for  the  individual  fitting  of  the  shell 
Hth  respect  to  height  bhA  length  of  extremities. 
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niere  are  two  basic  types  of  soft  apace  preaaure^auit  ahell  con- 
structiona: 

1)  a  single  shell  of  airtight  (generally  rubberized)  two-  or 
three-ply  material  over  which  a  stress-bearing  system  is  imposed  and 

2)  a  space  pressure  suit  with  individual  shells,  the  inside  rub¬ 
ber  shell  ensuring  the  airtightness,  the  outer  shell  serving  as  the 
stress-bearing  system  and  offering  protection  against  accidental 
mechanical  damage.  13iis  outer  shell  may  be  connected  to  the  suspension 
system  of  the  parachute,  and  if  it  is  fabricated  of  flameproof  aliamin- 
ized  fabric  it  offers  additional  protection  for  man  against  radiative 
heat  in  supersonic  flight  and  against  fire. 

In  the  fabrication  of  the  first  type  of  shell  —  made  of  rubberized 
fabric  —  it  is  in  all  cases  expedient  to  put  on  light  clothing  above 
the  apace  pressure  suit  in  order  to  protect  the  latter  against  chance 
scratches  and  tears. 

There  are  many  structural  solutions  and  methods  of  donning  a  space 
pressure  suit.  The  most  popular  is  the  open  front,  as  in  the  case  of 
overalls,  making  it  possible  for  the  pilot  to  put  on  and  remove  the 
space  pressure  suit  by  himself.  The  hermetic  sealing  of  the  open  front 
is  generally  achieved  by  means  of  a  wide  cylindrical  throat-like  con¬ 
striction  made  of  thin  gasproof  fabric  sewn  into  the  suit  (the  so- 
called  appendix)  «rtiich  is  screwed  in  and  tied  shut  after  the  shell  haa 
been  put  on.  These  open  fronts  are  also  used  to  ensure  the  alrtlght- 
ness  of  water  survival  suits. 

There  are  airtight  and  stress -bearing  zipper  designs,  but  from 
the  operational  standpoint  they  are  less  reliable  than  the  appendix. 
Occasionally  the  pressure  suit  is  put  on  through  a  rigid  Joint  separat¬ 
ing  the  shell  into  two  parts,  i.e.,  in  the  form  of  a  belt,  a  "false 
front”  as  in  the  case  of  diving  suits,  or  a  chest  connection  (along 
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I  ti#  dla^^  to  1>«lt).  All  of  these  solutions  lead  to 

p  aiM  eiiriborsoM  sad  heSTler  deslipis  than  the  open-front  type  appendix 
I  feths  Airtlfbt  simper*  Rigid  elements  placed  on  the  chest  can  be 
f  4li||itified  only  fi^  the  standpoint  of  offering  additional  protection 
I  the  humsn  be in^  against  extremely  great  ram  pressure  in  the  event 
I  ^^.ejeotion.  ' 

the  hiagad  joiats  of  space  pressure  suits  represent  the  most  dif¬ 
ficult  alaMnts  of  .the  design.  Ihe  simplest  solution  is  given  by  elbow 


and  kaaa  ioints  banding  in  a  single  plane  at  an  angle  not  in^excess  of 


as)  b/; 


fig.  194.  Plagram  of 
"orange  peel"  type 
i  Of  binge,  a)  Straight- 
•  ansd  poaition;  b)  bent 

fosition.  1)  Shell]  2) 
ongitttdinal  s tress - 
bearing  lace;  3)  guide 
i  laces  fastened  to  the 
shall]  4)  element  of 
lUnga  shall  in  the 
form  of  a  "orange 
peel," 


160^.  This  is  achieved  by  means  of  addi¬ 
tional  slack  —  "orange  peels/"  as  shown 
the  diagram  in  Fig.  194.  The  longitudinal 
tensioning  laces  are  positioned  along  neu¬ 
tral  generatrices  whose  length  does  not 
change  id»n  bent. 

Nobility  for  the  shoulder  and  pelvis - 
hip  joints  which  execute  rotational  and  * 
translational  motion  in  all  planes,  is  the 
most  oooqplex  of  the  problems  to  resolve,  '| 
since  the  center  of  these  natural  0\ik  [sic] 


joints  lies  inside  the  body.  The  hinged 
>  joints  oorrespondlng  to  these  natural  joints  are  for  the  most  part 


I  made  la  the  form  of  "accordion  pleats"  provided  with  additional  braces 
fv^eh  slide  over  rollers  or  along  guide  rails  (see  Fig.  193). 

2d  order  to  sohisve  good  mobility  for  the  arms,  the  space  pressure 


suits  are  also  fitted  out  with  airtight  bearings  at  the  shoulder  and 
elbow  (or  wrist)  joints  (see  Fig.  170b).  ihe  shoulder  airtight  bearing 
^ovidss  for  the  ffee  sovement  of  hands  in  the  vertical  plane,  nie  ' 
bearing  above  and  below  the  elbow  or  between  the  hand  and  the  forearm 
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makes  It  possible  to  turn  the  arm  about  its  longitudinal  axis,  which 
Is  necessary  to  control  the  numerous  assemblies.  Instruments,  and 
switches  of  a  contemporary  aircraft. 

The  airtight  bearing  must  simultaneously  exhibit  a  high  degree  of 
airtightness  and  Its  moment  of  rotation  must  be  small. 

Ease  In  walking  Is  achieved  by  using  radial-support  bearings,  and 
airtightness  Is  achieved  by  means  of  slide  valves.  The  Inside  valve 
ensures  the  hermetic  sealing  of  the  gas  while  the  outside  valve  pre¬ 
vents  the  entry  of  water  Into  the  shell. 

The  shoulder  bearings  provide  good  mobility  for  the  hands  when 
working  In  a  space  pressure  suit  with  excess  pressure;  however.  In  the 
case  of  a  prolonged  flight  local  shoulder  and  chest-muscle  pains  may 
result,  even  If  there  Is  no  presstore  In  the  shell. 

The  designer,  having  satisfied  the  numerous  requirements  Imposed 
on  a  space  pressure  suit,  seeks  first  of  all  to  provide  the  pilot  with 
normal  operating  efficiency  In  a  properly  functioning  pressurized 
cabin.  Therefore,  a  tendency  to  use  soft  Joint  hinges  ^dierever  pos¬ 
sible  In  order  to  have  minimum  shell  weight  and  operational  convenience 
In  the  basic  operational  regime,  l.e..  In  the  pressurized  cabin,  has 
been  detected  In  space  presaxire-sult  development. 

"For  ptirposes  of  providing  a  better  fit  of  the  space  pressure  suit 
to  the  form  of  a  seated  man  and  to  facilitate  movement  over  the  air¬ 
field,  a  zipper  Is  Incorporated  Into  the  stress-bearing  shell  across 
the  abdomen  (on  bulwarks)  (see  Pig.  170b).  This  zipper  Is  kept  open 
vdien  walking  and  Is  closed  after  the  pilot  has  been  seated. 

In  order  to  reduce  the  diameter  of  the  sleeveo  and  pant  legs, 
these  are  sometimes  fitted  out  with  laces.  Reducing  the  diameter  leads 
to  a  reduction  In  the  force  required  to  bend  the  hinged  Joint,  and  the 
lacing  facilitates  the  donning  of  the  shell. 
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Fig.  195*  Contemporary  rotating  helmets  used 
In  foreign  space  pressure  suits,  a)  Helmet 
for  a  apace  preasiire  suit  by  the  Arrowhead 
Rubber  Co.j  b)  helmet  for  space  pressure 
suit  by  the  Goodrich  Company. 


The  moat  "unpleasant”  dimension  of  the  space  pressure  suit  from 
ths  standpoint  of  an  alrcraft>cabin  and  ejection-seat  designer  Is  the 
vldth  across  the  shoulders.  For  a  space  pressvu?e  suit  with  soft  shoul¬ 
der  hinged  joints*  corresponding  to  a  commercial  suit  size  of  52-5^* 
this  vldth  Is  equal  to  660-685  nm.  i^r  space  pressure  suits  with 
shthilder  bearings  the  width  across  the  shoulder  reaches  750  ran.*  There- 

■  ^  'I-  ' 

foFe*  the  width  of  the  cabin  must  be  no  less  than  800  mm.  The  required 
eahln  dimensions  with  respect  to  height  Increase  by  30-40  ran. 

The  helmets  of  space  pressure  suits*  as  we  had  occasion  to  men- 
tldn  In  our  examination  of  the  schematic  diagrams,  are  made  In  large 
or  small  volume.  To  ens\ire  breathing  at  the  ground  and  low  altitudes  a 
window  which  can  be  opened  Is  built  Into  the  front  part  of  the  helmet 
as  a  rule*  and  this  window  Is  made  to  flip  down  or  move  up.  In  some 
designs  with  a  soft  rear  wall  (not  Intended  for  great  ram  pressures) 
ths  entire  forward  part  of  the  helmet  moves  up  and  back.  Hie  large - 
WDliaae  helmets  are  attached  to  the  shell  of  the  space  pressure  suit 
pextenently  by  means  of  a  release  ring  with  catches.  In  such  a  helmet 
a  pilot  Is  capable  of  moving  his  head  freely  In  the  required  direction* 
even  If  he  is  wearing  a  mask.  The  small- volume  helmets  (Fig.  195a*  b) 
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are  moiinted  on  a  Joint  with  an  airtight  bearing  and  rotate  about  the 
pilot's  head  (see  alao  Fig.  170b). 

These  heliseta  have  been  provided  with  visors  which  move  upward. 
The  movable  light  filters  for  the  helmets  are  situated  over  the  visors 
In  the  case  of  the  helmet  produced  by  the  Ooodrlch  Company  the  visor 
Is  moved  Into  the  helmet;  a  soft  hinged  Joint  In  the  neck  region  makes 
It  possible  to  execute  slight  forward  and  back  movements  of  the  head. 

In  designing  a  helmet  for  a  space  pressure  suit  without  a  mask 
the  designer  encounters  the  same  contradictions  as  met  In  the  design 
of  airtight  helmets  for  VKK  [hlgh-altltude  0  suits].  The  essence  of 
these  problems  Involves  the  combination  of  a  low  oxygen  flow  rate  and 
a  low  carbon -dioxide  content  In  the  expired  air  with  good  ventilation 
and  cooling  of  the  head.  Figure  195d  [sic]  shows  one  of  the  contem¬ 
porary  American  helmets  In  whose  design  an  attempt  has  been  made  to 
resolve  these  contradictory  requirements.  On  the  Inside  the  helmet  Is 
divided  by  a  face  seal  Into  two  compartments.  The  forward  ccmpartment 
Is  always  filled  with  oxygen,  while  the  rear  compartment  Is  connected 
to  the  shell  of  the  pressiore  suit  and  Is  ventilated  with  air.  The  hel¬ 
met  Is  equipped  with  a  visor  vdilch  can  be  drawn  Into  the  helmet.  The 
sealing  of  the  visor  Is  carried  out  by  means  of  an  Inflatable  chamber. 
Since  It  Is  held  that  a  space  pressure  suit  Is  Intended  for  fast  climb¬ 
ing  aircraft,  the  addition  of  air  to  the  Inspired  oxygen  was  excluded, 
thus  making  It  possible  to  use  simplified  miniature  oxygen  equipment. 
The  latter  Is  carried  on  the  left-hand  side  of  the  helmet.  The  oxygen 
"on-off”  valve  and  the  depressxorlzatlon  release  for  the  visor  are 
mounted  on  the  oxygen  equipment.  The  oxygen  Is  supplied  through  a  per¬ 
forated  tube  mounted  aroxind  the  visor,  thus  reducing  the  fogging  over 
of  the  plates.  On  the  right-hand  side  of  the  helmet  there  Is  a  lever 
by  means  of  which  It  Is  possible  to  control  the  Inside  straps  and  soft 


emldpn*  iihloh  are  used  to  ohsi^e  dlaenslons  and  to  hold  the  face 

^  ■  y-.l"  '  '  ' 

light  acalnat  the  aaal. 


.  In,  the  faes  ootqpartnent  some  ezcaaa  pressure,  equal  to  23  am 
W-'  hitor  ooluon^  la  omlntalned  relative  to  the  pressure  in  the  shell  In 

H:  ;.V-  ■' 

i"'  ^ 

t.  order  to  pMvent  the  possible  drawing  In  of  air  around  the  edges  of 

f'. 

^'‘4' '  ' 

the  face  seal.  The  expired  air  passes  through  the  eviration  valve  In 


the  space  pressure  suit; 


I'.-'  i 


•The  specific  power  of  the  electrical  heating  required  to  prevent 


w  'i ' 


the  feeing  of  the  visor  plates  Is  the  saoie  as  In  the  case  of  airtight 


I  hehssts  for  hlgh>altltude  0  suits  (see  Fig.  186).  ihe  radlotelephonlc 
p  c  link  from  the  heloiet  Is  set  up  by  oieans  of  telephone' 

and  throat  oOkes  or  oilcrophones.  In  the  apace  pressure  suit  with  a 
I  Misk  the  Blcrophone  Is  omianted  Inside  the  omsk.  In  the  space  pressure 
£  suits  without  sMsks  the  ailcrc^hone  la  axninted  on  a  bracket  attached  to 
I  tfas  JgMdset  or  helsmt. 

airtight  boots  and  gloves  for  the  space  pressure  suit  are,  as 
f  s  rule,  aade  rewovable  so  that  the  pilot  can  fit  these  as  to  size. 

V''  ■ 

Mornowr,  It  offers  a  zna^r  of  operational  conveniences,  l.e.,  the 


putting  on  of  the  pressure  sxilt  Is  easier,  prior  to  takeoff  it  la  pos- 

i:.  ■ 
f ' 

^  sible  to  achieve  a  certain  aoKmnt  of  natural  ventilation  on  the  groimd, 
fuod  it  Is  easier  to  dry  the  shell  and  Its  elenents. 

She  oooneetlons  for  the  gloves  oBzst  be  such  as  to  enable  the 
pilot  to  remove  and  put  on  his  gloves  during  flight.  Shis  nay  become 
necessary  to  essecute  any  fine  manipulations  of  Izistnoient  control. 
Finger  mobility  In  the  gloves  Is  achieved  by  using  thin  fabric  semi- 
jbmt  finger  shapes,  and  hli^d  Joints.,. 

■t;,  •• 

4  change  of  pressure  In  a  space  pressxire  suit  Is  achieved  auto- 
^tioally  by  means  of  a  Mgulator  mowted  in  the  shell,  generally  at 
|he  left  hip*  fhe  characteristic  of  the  regulator  Is  such  that  below 


an  "altitude"  In  the  cabin  of  the  order  of  11,000  m  the  regulator 
valve  freely  releases  air  from  the  shell  and  maintains  a  pressure  In 
the  shell  of  no  more  than  0.02  kg/cm  ,  providing  for  a  loose  shell  fit 
about  the  body  of  the  pilot.  If  the  "altitude"  In  the  cabin  exceeds 
the  Indicated  11,000  m,  the  regulator  diaphragm  close,  the  outlet 
valve  and  then,  regardless  of  the  altitude  Inside  the  space  pressure 
suit,  maintains  a  constant  absolute  pressure. 

The  equipment  for  floating  and  keeping  the  head  above  water  Is 
generally  carried  on  the  straps  of  the  composite  parachute  suspension 
system. 

The  weight  of  the  entire  space  pressure-suit  complex  (shell,  hel¬ 
met,  boots,  and  outer  clothing),  designed  for  an  operating  pressure  of 
0.25  kg/cm  ,  may  come  to  10-15  kg. 

The  ventilation  of  the  entire  body  svirface  and  the  maintenance  of 
a  normal  thermal  regime  are  provided  by  proper  distribution  of  air 
throvigh  the  shell  and  by  the  thermal  Insulation  of  the  latter. 

Space  Presstire-Sult  Operation* 

In  order  for  a  space  pressure  suit  to  be  convenient  and  for  the 
forces  required  for  movement  to  be  small,  space  press\ire  suits  are 
sewn  In  varloxis  sizes  for  Indlvldvial  fit.  The  complete  putting  on  of  a 
space  pressure  suit  generally  requires  the  aid  of  an  additional  person 
and  takes  about  10  minutes. 

For  normal  operation  of  a  space  pressure  suit  It  Is  necessary  to 
have  special  equipment,  l.e.,  an  alr-conditloning  system  aboard  the 
aircraft  and  ground  air  conditioners  for  pilot  ventilation  during  the 
period  he  has  the  space  pressiire  suit  on  at  the  ground. 

B^'fore  flying  In  a  space  pressure  suit,  pilots  must  carefully 
study  Its  construction  and  undergo  training  In  a  pressiire  chamber. 

Each  pilot  Is  responsible  for  checking  out  all  automatic  operations 


I' 


;»<#ifuirtd  to  oloM  or  opon  the  viaor,  to  control  the  pressure  In  the 
i;  iVtM  prtssxire  sult^  to  reaove  end  put  on  gloves,  etc. 

aeleetlon  of  Ventilation  Btagnltudes  for  a  Space  fissure  Suit 


'  Tha  ventilation  required  for  a  space  pressure  suit  Is  chosen  on 
tte  basis  of  the  permissible  concentration  of  carbon  dioxide  and  mter 
vapora  and  from  the  standpoint  of  xu*ovldlng  the  tenqwrature  regime  In 
the  shell  and  helmet  [30]. 

!Ebs  pezmilsslble  carbon-dioxide  concentration  determines  the  vol- 
SBO  of  the  039gen-alr  mlxtxire  which  must  be  supplied  over  a  period  of 
1  sdnute  to  the  helmet  of  a  space  pressure  suit  without  a  mask  (we 
hava  In  sdnd  the  fixed  helmet  with  a  large  free  volume). 

According  to  the  physiological-hygienic  norma,  the  partial  CO2 
pressure  In  the  Inspired  air  cannot  exceed  12  nm  Hg  (at  any  altitude). 
3bs  calculation  Is  carried  out  In  accordance  with  the  following  formula* 

1/mln,  (307) 


where  v^  Is  the  required  volxsaetrlc  ventilation  of  the  helmet,  in 
liters  per  minute;  p^  Is  the  permissible  partial  COg  pressure. 

In  mm  Bg;  qp  la  the  quantity  of  carbon  dioxide  (by  weight)  in  the  sup- 
■plled  gas;  q^  is  the  quantity  of  carbon  dioxide  liberated  by  the  pilots 
In  g/aln;  T  Is  the  teoperature  of  the  gas  In  the  helmet.  In  ^K. 

.  Zn  our  case  qp  «  0.  The  gas  constant  for  carbon  dioxide  Is  R^q  » 
•  19*3  w/^C.  Let  us  asstaoe  that  with  moderate  work  a  single  Individual 
liberates  0.6  standard  liters  per  minute  of  CO^  (see  Fig.  168).  The 
j^elflo  weight  of  the  COg  ^  equal  to  1.977  g/llter.  Conse- 

jlgstuntly,  the  required  ventilation  at  which  the  partial  CO2  pressure 
idll  not  excwed  12  mm  Bg  amounts  to 

t  This  ^^muatlty  (rounded  off  to  4o  liters  per  minute)  was  asswed 

-  no  • 


earlier  in  calculating  the  required  oxygen  flow  rate  In  the  space  pres* 

i 

sure  suit  without  a  mask.  ' 

The  required  space  pressure-suit  ventilation  as  a  function  of  the 
given  relative  humidity  of  the  air  is  determined  on  the  basis  of  the 
familiar  formula 


!a2—  n?/hr. 


(308) 


Where  0, 


HgO 


*  f/iooe-e. 

is  the  quantity  of  water  vapors  liberated  by  man,  in  g/hr; 


^  is  the  desired  relative  humidity,  in  B  is  the  absolute  humidity 
for  saturated  air  at  the  given  ^tempera t\jrej  in  g/m^;  £.  is  the  absolute 
hiimidity  of  the  air  supplied  to  the  space  pressure  suit. 

With  moderate  work  and  a  tempera ttjre  of  the  order  of  20^C,  a  man 
liberates  about  80  g/hr  of  water  vapors.  Ihe  absolute  hunldlty  of  the 
air  (see  the  psychrometrlc  tables)  at  20®C  amounts  to  17.8  g/m^. 

The  absolute  humidity  of  the  coiopressed  atmospheric  air  above  7  km 

$ 

is  virtually  equal  to  zero.  For  good  flushing  of  water  vapors  out  of 
the  shell  of  the  space  pressure  suit,  it  is  suggested  that  the  rela¬ 
tive  humidity  be  of  the  order  of  3P^*  Substituting  these  Initial  data 
into  Formula  (308),  we  will  obtain 

— 5 — «i5  iP/hr  =  204  l/mln. 

100 

It  is  held  that  in  order  to  achieve  comfortable  conditions  in  a 
space  pressure  suit  of  the  ventilation  type,  150-200  liters  of  air  per 
minute  must  be  supplied  (referred  to  ground  conditions).  For  normal 
sensation  of  warmth  the  teii:perature  of  the  supplied  air  directly  at 
the  inlet  to  the  shell  must  correspond  to  the  curve  shown  in  Fig.  203. 
At  a  cabin  tenperature  of  +50-6o°C  the  air  raiJist  exhibit  a  temperature 
of  +10-5®C;  if  the  temperatxire  in  the  cabin  is  reduced  to  — 50°C,  the 
teiiq}erature  of  the  supplied  air  must  rise  to  +80^0.  This  does  not  mean 
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«t  -|^  tfHperfttuM  •tiSDfttta  about  tb»  huatn  body.  Ukitll^ 
|plii«  ftlip  OflMta  into  eontaet  with  tho  akin,  ttao  air  taaporaturo  dropa 
|fa  «l?oattlt  of  haat  tranaftr  fron  tba  aurfbeo  of  the  tubing  and  panels 
|i[^  ^  r^llatlon  systen. 

|;s  ■ 

ICST*  IROraOTZOM  OF  NAN  AGAINST  TSB  BF9ICTS  OP  LOV  AND  HIQH  TEMFEHATURBS^ 
BI1BR0Y«  AND  EXCESSIVE  COU)  IN  WATER 


tional  Conditions  and  Extreme 


atux^  Reajbnes 


,  JShe  erew  of  an  aircraft  Is  subject  to  the  action  of  a  great  varl- 
ioty  df  t^quently  eztreasly  varied  oUaatlo  conditions,  slnoe  during 
Itlia  dourae  of  a  single  flight  the  foUoirlng  operational  situations  are 

I4*'- ■  * 

:  2}  fU^^  in  a  pressurised  or  depressurised  cabini 
I  >  3)  yaraefaute  descent  frcn  the  upper  layers  of  the  ataospherej 
I  f;:  d)  eamrgency  landing  in  op^n  water,  with  the  teag>erature  of  the 
pmter  about  O^C  or*  landing  in  an  Arctic  region. 
pf' ■  The  first  two  idiases  of  a  flight  are  standard.  There  nay  be 
laioal^vin  and  polar  airfields  at  whl^  the  air  teaperature  at  the  ground 
jrai^as  from  450  to  -6o®c. 

I  '  tSoring  the  period  of  the  takeoff  the  temperature  In  the  cabin  of 
|a  sBiltiseat  aircraft  is  close  to  the  groui^  teaperature  as  a  xmsult  of 
theraal  inertia  of  the  cabin. 

teaperature  in  a  pressurised  cabin  of  an  aircraft  operat- 
pj^  at  subsonic  speeds,  with  the  air-condltionirac  system  functioning 

i^^ally*  guierally  ranges  from  15  to  25^C.  However,  with  transition 

I'-  ■  '■  ■ 

^  tfi^pBrsimiile  flight  velocities  the  priamry  source  of  cabin  heat  Is 

i  ■■  ■  ..  .  r.  .  - 

a^iodintatie  hMtlng  of  the  aircraft  surface. 

Iff’  Ws^  lam’a  rays  eater  tha  'cabin  through  the  i9per  transparent  win- 

l’-"'''  ..V  * 

|lMfit  a  rat«  Of  80c  kaaH/ixp  f or  each  scpiare  aster  of  horisontal  ean« 


Fig.  196.  Change  In  human  body  temperature  at  low  and  high  outalde-air 
temperatures,  a)  Drop  In  body  temperature  for  man  wearing  flight 
clothing  and  seated,  the  outside  temperatxire  ranging  from  —12.20  to 

-17.70c: 

1  do  =  0.18  °c/(lccal/m^-hr); 


b)  rise  In  body  temperattjre  for  man  engaged  In  various  forms  of  phys¬ 
ical  work.  The  body  temperature  Is  recorded  after  15  minutes  of  work 
and  an  over -all  period  of  40-60  minutes.  1)  Drop  in  mean  temperature 
At  OCj  2)  thermally  Insulated  clothing;  3)  body  teii5)erat\ire ;  4)  skin 
surface;  5)  heavy  work;  6)  medlm  work;  7)  rest;  8)  time  in  hours;  9) 
air  teaqperature ,  In  ^C;  10)  rise  In  body  temperature.  In  ^C. 


opy  projection. 

The  teiiq;>erature  conditions  In  a  depress\irlzed  cabin  may  vary  de¬ 
pending  on  altitude  and  fll^t  velocity.  At  subsonic  flight  speeds  and 
failure  of  the  air -conditioning  system,  at  an  altitude  of  10-20  km  the 
temperature  in  the  cabin  may  drop  to  —30  to  — 40°C  and  lower.  Calcula¬ 
tions  show  that  at  velocities  corresponding  to  M  =  3»  all  other  condi¬ 
tions  being  equal,  the  skin  temperature  reaches  400^C  and  the  air  tem¬ 
perature  In  the  cabin  may  rise  to  +70  to  +80°C  [4]. 

The  temperature  conditions  during  a  parachute  descent  are  well 
known. 

In  cold  water  a  htunan  being  faces  the  danger  of  death  due  to  ex- 
tz'eine  cold.  At  water  temperatures  of  0-5^C  people  who  have  not  been 
trained' to  survive  In  cold  water  will,  within  several  minutes,  exhibit 


of  cold  ibooic  with  loas  of  oonsoiouoMM.  Stroog  Indlviduolo 
ial-lUiaeo  trtlnid  to  withstand  ths  cold  will  loos  oonseleusntss  within 
80^  idnutoa  at  a  water  taoqparaturo  of  0^  and  within  40-50  ninutaa  at 


E^‘' 


a  tliiparaturs  of  lO". 


IxtraM  aapoaxira  of  the  bead  and  partioularly  the  oooipital  region 


i  to  dold  is  espeolally  dangerous.  Biologioal  death  ooeurs  when  the  body 
tta||^ature  drops  to  25-22^0.  Bven  if  the  water  t^nperature  is  of  the 

£  'ordir  of  i5^C«  the  ooollng  of  the  organisa  oontlnues^  and  although 

fy'-.,:-':..  ;  . 

g  within  3-5  hours  the  wiotia  eapsrisnoes  headaohes#  drowsiness. 

I  oontulsions.  and  finally,  loss  of  oonseiousness. 
i  Hguro  196  shows  graphs  which  Indicate  the  influence  of  low  and 

I  high  aabisnt-air  tesiperatures  on  the  faunan  organisa. 

I""'""'-' 

. the  curves  in  fig.  196a  show  how  the  average  body  tesqperature  and 

^  the  akin  surface  of  a  huaan  being  sitting  quietly 

I  cold  (without  wind}  dlalnish  if  he  is  slothed  in  wara  flight 

|y' ^  :  y. y. 

clothing.*  fhe  control  of  body  heat  is  rather  xapidly  disrupted  and 
I  within  l«5-2  hours  an  individual  is  no  I'jnger  able  to  function  nomally. 
I  ^  '  1^  should  be  pointed  out  that  idie  change  in  the  teaperature  of 
individual  portions  of  the  body  is  by  no  swans  identical  (see  Table  20). 

tts  data  shown  in  Table  20  confirw  that  particular  attention  suet 
he  ievoted  to  the  thenaal  ineulation  of  the  lege. 

figure  195b  ahows  a  rlae  in  body  tassperature  as  a  function  of  the 
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1  asihient-air  toqwrature  and  the  inteneity  of  work.**  At  an  air  tenpera- 

j^V 

;  tU2^  Of  445  C  and  Bisdluo  work  the  body  teaperature  rlsea  by  1.3  .  i.e.. 
i- y.  ■  ^  ■  - 

I  it  ^^chea  38^0  which,  as  is  wall  tasown.  indicates  a  sick  organisa. 

I-  .  The  htssan  body  liheratea  the  hMt  fonwd  in  the  orgenlm  ea  e  re- 

I;  guli  nstaboliaa  in  tht  fcilowing  ways  (at  t  «  20^C)  t 


OMivacticn  (mdaction)*.'... 

radiation.....* 43.' 

svaporatlOQ.  . 21. 

: :  .  -  ah  .  ^ 


TABLB  20 

Change  In  Temperatxire  at  J^dlvidual  Points  of 
the  Body  at  Rest  after  Two  Hours  at  a  Teapera» 
ture  of  +10  and  +43^0  (after  data  from  N.K. 
Vltte) 


1 

M«ct«  nHcpnM 

1  2  HaMCHCMM  rmmtpnrpu  »  *C 

3nM  i  aMXjnu 
+10»C 

3  npM  t  Maiysa 
44B»  C 

4b  aoxHimciaol  tim 

10.1 

40.18 

3B  KMCni  pyn.  saxmi  •  syMS 

-7,0 

40.4 

6B  BOXBOMaaol  non 

40.S 

7B  CTOM  (mffj  Mifcanni  aot) 

—104 

4-1* 

1)  Point  of  measurement;  2)  change  In  teiiq;>era- 
ture.  In  °C;  3)  at  an  air  temperature  t  of;  4) 
at  the  aniq;)lt;  5}  at  the  hand,  clenche?  Into  a 
flat;  6)  at  the  hack  of  the  knee;  7)  at  the  foot 
(between  the  toes). 

(the  remainder  la  expended  to  heat  food,  water,  and  the  air  In  the 
lungs). 

The  thermal  regime  In  which  no  more  than  30$^  of  the  total  loss  of 


heat  Is  attributable  to  the  transfer  of  heat  as  a  result  of  evaporation 


Pig.  197.  Loss  of  heat  by 
human  body  as  a  result  of 
evaporation  as  a  fmictlon 
of  air  temperature.  1) 

Loss  of  heat  due  to  evap¬ 
oration,  In  kcal/hr;  2) 
work  of  130  kg/m  in  1  min¬ 
ute;  3)  at  rest;  4)  air 
teiflperature.  In  °C. 


la  re^rded  as  normal. 

The  organism  uses  convection  and 
radiation  not  only  to  liberate  heat,  but 
luider  certain  conditions  (vrtien  the  am¬ 
bient  temperature  Is  above  the  body  tem¬ 
perature)  the  body  takes  on  heat  from 
the  outside  medlim.  In  the  latter  case, 
the  control  of  heat  can  be  achieved  only 
throtjgh  evaporation. 

Figure  197  shows  the  quantity  of 
heat  which  the  body  loses  by  evaporation 
as  a  function  of  the  tenq)erature  of  the 
ambient  medium  at  a  speed  of  air  motion 


less  than  0.2  o^seo.  VI th  Intense  work  the  heat  output  of  a  human  being 


tiw  qioantitj  of  rtlOMOd  aoiotuzo  mj  bo  oignlfleontljr  hlghor*  (ooo 


2j6S).  Ihovoforo,  if  thoro  «ro  no  otter  noono  of  rodueing  tho-an- 
tiiguraturo^  all  of  tte  body-llboratod  nolature  must  bo  evap. 
ttaus  facilitating;  tte  organiaa's  aalntonanoe  of  noraal  tonpera- 
optimal  ventilation  reglae  auat  be  choaen  auch  that  perapira- 
bion  dooa  not  aoounulato  in  tte  font  of  dropa  and  alaniltaneoualy  there 
.b9  no  aonaation  of  exoeaaive  cold.  In  thla  oaae,  the  loaa  of 

I  teight  on  tte  part  of  tte  organiaa  will  be  kept  to  a  minimum. 

i:-.,-'  -■ 

tte  oanplOTlty  of  developing  Individual  equipawnt  ia  a  reault  of 

’“4  f  -  .r:  I  ■ 
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fdat  that  it  ia  naoeaaary  duri^  the  oourae  of  a  alngle  flight  to 

I  j^feot  tte  inuvldual  againat  both  extremely  low  and  extremely  high 
C  ^tesferaturea.  thla  problen  la  regarded  aa  inaolid>le  only  in  terma  of 
if!  tte  eeleotlon  of  tte  optimum  thermal  inaulatlon,  ainoe  a  human  being 
unavoidably  experience  exoeaaive  heat  under  certain  eonditlona 
:iuid  exoeaaive  cold  under  o^ra. 

.  it  ia  tte  opiniem  of  foreign  apeolallata  that  the  problem  would 

I  beat  te  roaolved  by  the  eatabliafament  of  a  mioroollmate  sone  about  the 


^^iteividoal  by  muma  of  ventilated  elothing  fed  with  dry  conditioned 


iv-- 
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air  f^rom  ground  and  on<-board  inatallationa. 

thia  type  of  ventilated  clothing  Inoludea  the  hlgh-altitude  apace 


preaatsNi  aait.  Woreover,  tte  additiim  of  a  thermally  Inaulated  layer 
|%taBte  tte  ipaae  preaaure  aolt  into  a  reliable  neana  for  water  aurrival 
I  and  protection  againat  exoeaaive  cold  in  tte  water. 

l&aa  a  hlgh-altltude  0  ault  ia  uaed,  ventilated  and  thermally  in- 
aalated  elothing  ia  put  on  over  this  ault  «hen  neeeaaary,  and  when 

over  water  a  mterproof  aea  aurvltml  auit  ia  put  on  over  ail  of 


' 


!>> 

I  ^  clo^iaig  beneath*  Oapanding  on  the  q^lfic  opuationel  eonditione 
1^  m  nglM  ia  ahiob  tii*  niaMs  ar*  bains  oarriaS  out. 

>vi>effliaairated.  proteotive 


are  uaed  eianl  taneouely  or  aep* 

llS. 


arately#  or  In  acme  combination  with  one  another.  If  necessary,  the 
appropriate  suits  may  be  connected  Into  a  single  suit.  A  suit  of  this 
type  ^jdilblts  an  advantage  In  terns  of  the  time  required  to  put  It  on. 
The  Ventilated  Suit 

The  primary  purpose  of  a  ventilated  suit  Is  to  protect  the  Indi¬ 
vidual  against  heat  and  to  remove  the  moisture  vaporized  at  the  sur¬ 
face  of  the  skin.  It  Is  natural  that  the  suit  must  be  continuously 
supplied  with  air.  Ihe  required  quantity  of  air  comes  to  250-400  liters 
per  minute,  and  the  temperat\ire  of  this  air  must  correspond  approxi¬ 
mately  to  the  curve  (see  Fig.  203). 

A  well-ventilated  suit  must  satisfy  the  following  basic  require¬ 
ments  : 

1)  It  must  ensure  xinlform  ventilation  of  all  portions  of  the  body, 
keeping  the  skin  surface  In  a  dry  state,  and  It  should  produce  no  local 
overheating  or  supercooling; 

2)  It  should  not  restrict  movement.  It  should  be  soft  and  flex¬ 
ible,  and  the  suit  should  exert  no  painful  pressure  against  the  body; 

3)  the  suit  must  exhibit  low  hydraulic  resistance. 

The  simplest  ventilated  suit  can  be  presented  In  the  form  of  a 
system  of  i)erforated  tubes  6-8  xm  In  diameter,  positioned  between  the 
\uider  and  outer  clothing  of  the  Individual,  m  practical  terms.  It  Is 
convenient  to  fasten  the  tubes  to  the  Inside  surface  of  the  outer 
clothing.  In  the  case  of  a  space  pressure  suit  or  a  water  survival 
suit  this  involves  a  thermally  Insulated  suit  put  on  beneath  the  air¬ 
tight  shell. 

A  drawback  of  this  form  of  clothing  (with  a  small  number  of  tubes) 
may  be  the  ununlfora  ventilation  of  the  entire  body  surface  and  high 
hydraulic  resistance.  With  a  large  nuaiber  of  parallel  tubes  it  la  pos¬ 
sible  to  achieve  low  resistance;  however,  as  a  result-  thwe  is  an  In- 
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«  lA  rigidity  and  wtlcht  of  .tte  ,  * 

jx^lyriSBM  watUatod  mit  ganarallx  ooaalats  of  t«o  layaifs  of 
ffteta*  Vhavt  art  a  ambw  of  aaall  optnlnga  1.5-2  aa  in  dlaaeter 


Illiy  Cf^^  tht  body)  laytr  and  tba  vtntllation  air  anttpa 

^  ,^o4]r  through  thoat  optnlnga.  Fltxlblt  pada  providing  paaaagt  for 

in  ali^  rtqulrtd  dlraetlona  art  altuattd  batwotn  tht  two  layers 
;  of  IhbrlOt  and^  t^  art  round  tlastlo  apaoes  with  large  openings 
p  tdilok  eonMct  the  Insldt  and  outside  fabric  of  the  suit.  Ihtae  openings 
^tov#lns  the  ootlrt  aurfaot  ai^  apaotd  about  100  an  apart  serve  to 
t  tftfXp  atay  tht  waste  air  to  the  outside.  Ohe  suit  does  not  restrict 
p  eiitM  it  hta  bt«a  provided  with  a  maaber  of  openiagi  which 

11  aMi'Wlso  used  to  lead  In  the  hoses  of  the  a  and  antigravity  suits. 

a  ahorteoning  of  a  toft  suit  (without  body  tubing)  is  the  insta- 
liHlity  of  air  distribution  for  various  body  positions,  l.t.,  standing, 
f  atat|td,  and  particularly  when  the  straps  of  the  parachute  suspension 

Ljgrs^  art  tighttntd.  •"  v 

t?  '  ■' '  '■ 

^  She  <^tlaan  ventilated  suit  apparently  must  be  a  conblnatlon  of 
l^atttrai  suits  and  in  addition  to  ventilated  panels  and  soft  channels 
lit  alist  also  have  a  syetea  of  branched  tubing.  Hht  foraer  enstnes  low 
phpdvliullc  resistance,  while  the  latter  aalntalns  relative  stability  of 
I  ilr  distrlbtttlmi* 


^  theznally  insulated  suit  nnst  provide  for  the  thenaal  stability 
huBsan  erganlsn  under  Arctic  conditions  and  in  ice  water.  A  nan 
alrtlipit  and  thsrnally  insulated  clothing  liberates  as  such 
Heat  to  i^tar  for  iSUloh  t  «  as  is  liberated  in  open  air  at  ninpa 
At  the  ssaBi  tins,  -ths  pilot  wmt  bo  otisured  oenvenlenco  of 
Ion  In  fUsht,  snd  thi  protsetlon  of  the  aras  and  legs  against 
iisl  froitrto^  freadMr  ^  nev^nt-#  ;  :  v 


Ihft  naterlals  used  for  a  thermally  Insulated  suit  must  be  light, 
elastic,  nonhygroscoplc,  and  they  must  exhibit  lo«r  thermal  conductivity 
It  Is  desirable  for  the  fabric  to  be  flameproof,  we  know  that  fabrics 
with  the  thickest  possible  lnterla3rers  of  air  or  air  pockets  exhibit 
the  lowest  thermal  conductivity.  Oood  material  must  be  elastic,  l.e., 
its  compartments  should  not  produce  residual  deformation  under  the  ac» 
tlon  of  external  forces.  Of  the  materials  of  organic  origin,  preference 
should  be  given  to  felt  made  of  deer  combings.  The  shortcoming  of  this 
material  la  sorbtlonal  molstxire  absorption.  Great  future  promise  la 
shown  by  such  synthetic  materials  as  foam  rubber  with  closed  or  open 
air  pores.  Material  of  this  type.  In  addition  to  esdblbltlng  outstanding 
thermal  Insulation  properties,  absorbs  little  moisture,  dries  easily, 
and  cannot  rot. 

Table  21  shows  the  characteristics  of  some  thermal- Insula tlon  ma¬ 
terials. 

For  a  comparative  evaltiatlon  of  thermal-insulation  materials  used 
for  purposes  of  clothing,  specialized  foreign  llteratiire  recently  pub¬ 
lished  a  new  concept,  l.e.,  a  unit  of  thermal  Insulation,  the  do.  The 
magnitude  of  this  unit  Is  set  so  that  it  corresponds  to  the  Insulation 
provided  by  conventional  clothing  (l.e.,  a  suit  and  underwear)  at  room 
temperature  of  20^0  and  an  alr-clrculatlon  velocity  of  0.1  m/sec. 

Uhder  these  conditions 

‘  1  do  -  0.18  ®c/(kcal/m^*hr),  (309) 

(the  thermal  resistance  of  the  air  Interlayer  between  the  body  and  the 
clothing  Is  not  Included  In  this  quantity). 

A  thermally  Insulated  suit  Is  generally  sewn  In  the  form  of  a 
oaiivlete  pair  of  overalls. 

To  facilitate  movement,  the  suit  Is  provided  with  silts.  The  In- 
solatlng  material  Is  not  used  at  points  of  contact  and  where  bending 
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TABES  21 

BmIo  Obar«ot«rlctloi  of  Certain  HOat-lnaulatlon 

Niterlala 
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B 

Ko«eO«M«T 

“5 — 

VlMb* 

Hmwmmjim  iiWMMa 

TMJOBpO- 

Mxaoeta 

***AjM%tt*C 

MUi  MC 
UtlJK^ 

h^r 

f  Mmc  n  nrjrpMMta  0.031-^.098  lOO-IM  S 
Mpcmus  a«MCM 

i  Hmu*  «MMT  iMncal  H  O.OS  100-300  0.3 

3  Pmwm  ntaamcvM  I  O.O^.OO  100-130  IS 

4  jNnTcmessMc  MST^MMi  0.01M1.04  10—130  0,3 

.  -9  MMuqmopi  Bvptiiii 

f  XIIOOOMM  (^DMlla)  c  01^  0,033-0.0«  33-00  7-0 


MMflUM  «  0.084—0.06  !  40—00  ]  m«m 


Koxywnon  BoocMtauM 
(jum  Mental  aoaetniaurt)| 


A)  ttoni  Bo. ;  B)  designation  of  Instilatlon;  C)  coefficient  of  thermal 

omduetlvlty.  10Bal/>*hr^Cj  D)  specific  weight,  B)  moisture  ab¬ 

sorption  In  16  hoi;^.  In  P)  moisture  liberated  In  8  hours.  In  Q) 
felt  of  natural  wool  coeibl^a;  B)  soft  spongy  ebonite  rubber;  I)  Icvall* 
tekt  [sio]  rubber;  J)  synthetic  materials  with  closed  pores;  K) 
forslla  with  open  pores;  L)  Alfol  falumlnum  foil]  Insulation  with  air 
Intsrlaysrs  (for  rigid  designs);  M;  about. 


pootirs  (for  exasiple,  at  the  armpits  and  knees). 

v.;:  'V-' 

^  fhs  thermally  Insulated  suit  is  put  on  over  the  ventilated  suit, 

^  aohleTing  higher  efficiency  for  the  latter.  To  reduce  radiative 

tc  heat  transfer,  the  surface  of  the  thermally  insulated  suit  Is  occasion- 
I  <  ally  mads  of  aluminised  fabric  which  exhibits  a  low  emlsslvlty. 

Pigure  198  shows  a  ^tscs  pressure  suit  with  outer  protective 
1;^  alethiag  made  of  aluminlaad  fabric  providing  protection  not  only 

I''''  ■ 

|i~v|kiainat  radiant  anargy  but  agalnat  fliuoas  in  the  casa  of  a  fire  aboard 

(for  a  pn^iod  of  10  aeeonds).  The  suit  is  structusrally 

I'-  - 

linliid  with  ths  suspension  system  of  the  parschute  whose  straps  are 

Is.  ^  ■  . 

I  aewil  to  ths  outside  shell.  Aeeording  to  literature  data*  tl^e  equipment 
I  eoasplas  ahowB  in  the  photograph  waa  teatad  at  a  temperature  of  -hTT^C 
I  gM  far  itrai^th  at  the  preeaure  of  ao  airstream  moring  at  1200  In/hr 


Fig.  198.  Oatalde 
protective  suit  of 
aluminized  fabric 
with  parachute  sus¬ 
pension  system  sewn 
In  and  worn  over  G 
suit  or  space  pres¬ 
sure  suit. 


Water  Survival  Suits* 


A  water  survival  suit  must: 


Fig.  199.  Pilot  In 
water  survival  suit 
and  protective  hel¬ 
met  with  parachute 
back^jack  and  emer¬ 
gency  survival  kit. 
Valves  for  release 
of  ventilation  air 
can  be  seen  on 
sleeves  and  pants. 


1)  be  waterproof; 

2)  exhibit  the  capacity  to  float  and  provide  for  a  body  position 


at  which  tne  head  is  above  the  water  level; 


3)  be  equipped  with  devices  for  ti^rnlng  the  pilot's  face  upward 
automatically  and  for  the  rapid  filling  of  life  preserver  or  vest; 
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4)  mate  pooslble  comfortable  workliig  and  free  movement; 

5)  protect  the  Individual  agalnat  excessive  heat  and  cold. 

nie  last  requirement  Is  achieved  by  using  the  above-described 

ventilation  and  thermally  Insulated  clothing  In  conjunction  with  the 
waterproof  water  survival  suit. 

Figure  199  shows  a  water  survival  suit.  This  suit  together  with 
the  underwear,  the  ventilated  and  Insulated  clothing,  provides  thermal 
Insulation  equal  to  3  clo  (including  the  I.5  do  provided  by  the  ther¬ 
mally  Insulated  suit).  The  clothing  complex  provides  thermal  protection 
and  normal  conditions  for  the  Individual  under  the  following  conditions: 
In  Ice  water,  no  leas  than  2  hours;  at  an  air  temperature  of  -35°C, 

1  hcnar;  at  an  air  temperature  of  ~1°C,  for  an  unlimited  period  of  time. 

By  making  the  thermal  Insulation  thicker  It  la  possible  to  in¬ 
crease  these  time  periods. 

At  a  cabin  tenqperature  of  +15  to  +20®C  and  higher  It  la  unhy¬ 
gienic  to  use  such  a  suit  without  ventilation. 

It  should  be  borne  In  mind  that  the  air  Interlayers  between  the 
thermally  Insulated  and  waterproof  suits  significantly  Increase  the 
heat-protection  properties. 

Pour  valves  —  one  each  on  the  sleeves  and  on  the  pant  ]ogB  are 
provided  on  the  outside  waterproof  shell  (see  Pig.  199).  The  valves 
are  opened  by  the  discharge  air  and  are  closed  by  a  spring  as  soon  as 
the  air  flow  ceases.  The  Installation  of  several  valves  provides  for  a 
reduction  In  the  resistance  of  the  ventilation  system  and  for  the  uni¬ 
form  distribution  of  the  air  over  the  entire  body. 

Air  Is  fed  Into  the  suit  throtagh  a  flexible  hose  fitted  out  with 
a  faat -re lease  sleeve  which  has  a  return-flow  valve  to  prevent  the 
entry  of  water  Into  the  Inside  cavity  of  the  suit. 

A  V-ahaped  opening  e<’ged  with  a  zipper  Is  provided  to  permit  don- 
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ning  of  the  suit. 

The  penetration  of  water  Into  the  suit  Is  blocked  by  the  "appen¬ 
dix"  (Fig.  2C0).  When  open,  the  appendix  provides  a  large  openljng 
through  which  the  suit  can  be  put  on  easily. 

The  suit  Is  kept  airtight  at  the  neck  and  wrists  by  means  of  elas¬ 
tic  rubber  valves.  To  protect  the  arms  against  cold,  use  Is  made  of 
waterproof  gloves  with  halfbent  fingers,  providing  for  better  thermal 
Insulation  due  to  the  more  unlfonn  air  Interlayer. 


Fig.  2C0.  Opening 
with  "appendix" 

In  sea  survival 
suit. 


Fig.  201.  Life  preserver  vest  with  col¬ 
lar  and  "gills",  for  stabJ.e  upward  posi¬ 
tion  of  head. 


In  order  to  maintain  the  required  floating  position  such  that  the 
head  and  occipital  region  are  adequately  lifted  out  of  the  water,  the 
suit  Is  equipped  with  a  floating  collar  and  there  are  additional 
sacks  —  "gills"  —  which  fold  under  the  armpits  when  not  Inflated,  and 
these  provide  for  stable  position.  Generally  the  two  devices  are  in¬ 
corporated  into  a  life  preserver  (Fig.  201).  The  life  preserver  Is 
filled  with  carbon  dioxide  from  a  special  tank  carried  together  with 
the  3u„t.  The  tank  may  be  operated  either  manually  or  automatically. 
The  latter  becomes  necessary  If  the  pilot  falls  Into  the  water  In  an 
unconscious  state. 

One  of  the  possible  designs  for  a  mechanism  to  ensure  the  auto¬ 


matic  actuation  of  the  carbon-dioxide  tank  Involves  a  frame  in  which 
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Fig.  202.  0ne>2Ban  Inflatable  raft 
contained  in  Kavy  nilot's  portable 
emergency  kit  (USA;. 

there  ia  a  piaton,  a  spring -operated  plunger,  a  rubber  flap  valve,  and  a 
chemical  tablet  conalatlng  of  tao'taric  acid  and  hO%  bicarbonate  of 
aoda.  In  water,  the  latter  passes  through  the  valve,  softens,  and  dis¬ 
solves  the  tablet,  as  a  result  of  which  a  gas  is  formed.  Ihe  pressure 
of  the  gas  closes  the  rubber  valve  and  sets  the  plvinger  into  motion, 
and  this  in  turn  oi>eratea  the  spring-driven  pluziger,  the  latter  lower¬ 
ing  the  pin  of  the  mechanism  to  pierce  the  membrane  of  the  carbon- 
dloslde  tank.  As  a  result,  the  life  preserver  is  filled.  Ihe  device 
operates  within  15  seconds  after  hitting  the  water  and  weighs  about 
0.15  kg. 

The  water  survival  suit  is  generally  used  in  combination  with 
BOBM)  type  of  high-altitude  equipment  such  as,  for  example,  the  airtight 
belaet  of  a  high-altitude  0  suit  or  a  protective  helmet. 

To  protect  the  head  against  the  entx*y  of  water  into  the  helmet 
and  also  to  provide  protection  against  excessive  cold  while  at  the 
same  time  ensuring  breathing  is* regarded  as  a  difficult  problem.  It  is 
held  possible  to  design  a  device  to  attach  to  the  helmet,  which  would 
pass  air  but  would  block  the  entry  of  water  into  the  breathing  units. 

2h  the  absence  of  such  a  device  it  is  necessary  to  use  the  inflatable 

-  124  - 


raft  *#hlch  Is  Included  as  part  of  the  equipment  In  the  portable  emer¬ 
gency  kit  (Pig.  202). 

A  shortcoming  of  existing  airtight  helmets,  as  Indicated  In  for¬ 
eign  literature.  Is  the  unsatisfactory  ventilation  of  head  and  face, 
since  the  oxygen  supply  provided  by  the  automatic  lung  Is  Inadequate 
to  remove  all  of  the  heat.  If  It  la  particularly  hot,  perspiration 
blocks  vision  and  hampers  work.  An  Increase  In  the  oxygen  flow  rate 
would  provide  good  results,  but  this  would  significantly  raise  the 
weight  of  the  aircraft  structure. 

To  reduce  the  heating  of  the  head  resulting  from  solar  radiation 
and  the  emission  of  the  cabin  walls,  helmets  are  coated  with  a  light 
paint  of  low  emlsslvlty.  Thermal  insulation  Is  provided  on  the  Inside 
of  the  helmets. 

Conditioned  Air  for  Ventilated  G  Suits  and  Space  Pressure  Suita* 

In  order  to  ensure  hygienic  conditions,  a  space  pressure  suit,  a 
water  survival  suit,  or  an  Individual  ventilated  suit  must  be  contlnu- 
ously  ventilated. 


3  -ttpty'—ofs  i  V 

Pig.  203.  Required  air  temperature  at  Inlet  to  protective  clothing  as 
a  function  of  ambient  temperature.  1)  Required  air  temperature  at  In¬ 
let  to  shell,  In  °C;  2)  air  flow  rate,  20C  standard  liters  per  minute; 
3)  ambient  air  temperature.  In  °C. 

With  an  outside  air  temperature  of  -10  to  +1C°C  the  mlnlmtim  re¬ 
quired  ventilation  may  be  8O-ICO  standard  liters  per  minute.  As  the 
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b4) 

Pig,  204.  Dlagrama  of  ventilation  of  protective  clothing  emoloylng 
oabln  cllmatlzatlon  eyatemn  employed  In  foreign  aircraft,  a)  For  a 
oablh  without  turbine -opera ted  cooling  unit;  b)  for  cabins  cooled  with 
turbine-operated  cooling  units.  1)  Air  line;  2A)  support  valve;  2B) 
heat  exchanger:  3)  connection  tube  for  ground  ventilation;  4)  return- 
flow  valve;  5a)  valve;  5B)  air-feed  regulator;  6)  metering  tube;  7) 
flexible  hose;  8)  consolidated  release.  C)  To  cabin;  D)  air  from  T^ 
[turbojet  engine J  compressor.  A  «  A;  E  «  B. 


range  of  the  ambient  temperature  Increases,  the  axipply  of  air  that  la 
re(]ulred  Increases  and  In  the  ease  of  space  pressure  suits  and  water 
survival  suits  aaioiuits  to  200-230  standard  liters  per  minute,  while 
for  Independent  ventilated  clothing  the  requirement  la  350-400  standard 
lltsirs  per  minute. 

Plguz^  203  shows  an  approximate  relationship  between  the  required 
teapOrsture  of  the  ventilated  air  at  the  Inlet  to  the  protective  cloth- 
mg  and  the  outside  tempera t\n:e.  The  disposable  air  pressure  differ- 


ence  across  the  Inlet  to  the  clothing  must  be  equal  to  the  hydraulic 
resistance  of  the  suit's  ventilation  system  for  a  given  air  flow  rate. 

This  resistance  for  contemporary  equipment  amounts  approximately 
to  0.2  kg/cm^  for  an  air  flow  rate  of  200  standard  liters  per  minute 
and  varies  quadratlcally  for  other  values  o!‘  the  air  flow  rate. 

Depending  on  the  resistance  of  the  on-board  tubing  and  the  excess 

pressure  In  the  space  pressure  suit  at  high  altitudes,  the  required 

2 

air  pressure  head  correspondingly  increases  to  0.6  Icg/cm  . 

The  supply  of  conditioned  air  for  the  protective  clothing  may  be 
achieved  by: 

1)  taking  climatized  air  from  the  tubes  of  the  cal) in  cllmatlzatlon 
system  (Fig.  204a); 

2)  the  installation  in  the  aircraft  of  an  autonomous  air  condi¬ 
tioning  system  for  clothing  (see  Fig.  205); 

3)  the  utilization  of  an  installation  which  uses  the  heat  and 

cold  sources  of  the  cabin  system,  but  which  has  an  Independent  system 
for  the  automatic  regulation  of  air  temperature.  * 

In  the  majority  of  aircraft  the  available  head  in  the  tubing  of 
the  cabin  blower  system  (behind  the  turbine-operated  cooler  installa- 

I  , 

tlon)  la  Inadequate  to  provide  for  the  ventilation  of  the  protective 
clothing,  and  even  more  so  of  the  space  pressure  suits.  Therefore,  ad¬ 
ditional  installations  are  required.  Two  possible  versions  of  such  in¬ 
stallations  are  shown  in  Fig.  2C^.  # 

The  diagram  in  Fig.  2Cia  shows  a  simple  spring  disk  valve  mounted 
in  the  tubing  of  the  cabin  blower  system  which  opens  as  air  passes, 
l.e.,  a  so-called  support  valve.  The  operation  principle  for  this 
valve  is  analogous  to  that  of  the  dam  in  the  case  of  a  water  mill. 

In  front  of  the  support  [bleeder]  valve  there  is  ^  connection 
tube  from  which  air  is  taken  for  the  ventilation  of  the  clothing.  The 
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Fig.  203.  Alr-conditloning  system  for  ventilated  suits  aboard  the 
"Canberra”  aircraft.  1)  Selector  valve;  2)  command  transmission  mechan¬ 
ism;  3)  heat  exchanger;  4)  fuel  [combustible]  supply  to  engine;  5) 
moisture  dryer;  6)  air  flow-rate  regulator  (maxifflum  feed  llmlterl;  7) 
return-flow  valve;  8)  selector  position  Indicator;  9)  switch;  10}  man- 
ual.>cocks;  11)  fast-release  connections  on  seats;  12}  fast-release 
connections  (sleeves)  on  suit;  13)  air  tubing  to  suits;  14)  connection 
tube  for  linking  of  ground  conditioning  equipment;  13)  tubing  from  en¬ 
gine  coBipressor. 

monitoring  of  the  quantity  of  air  Is  carried  out  by  means  of  a  flow- 
rate  Indicator  which  measures  the  pressure  difference  between  the  nar¬ 
rowband  wide  sections  of  the  metering  tube. 

'  The  basic  element  of  the  design  shown  in  Fig.  204b  Is  the  heat 
exchanger  (In  the  form  of  a  jacket)  movinted  In  the  tubing  of  the  cabin 
blower  system.  This  approach  Is  expedient  because  it  exerts  absolutely 
no  Influence  on  the  hydraulic  resistance  of  the  cabin  blower  system, 
while  at  the  same  time  making  It  possible  to  achieve  a  high  available 
head  at  the  Inlet  to  the  protective  clothing.  The  ventilation  air  is 
takiii  tram  the  engine  oosqpressor.  It  passes  through  the  feed  regulator 
3B»  and  enters  the  heat  exchanger  2B  where  It  Is  heated  or  cooled. 

Frcsi  the  heat  exchanger  2B  through  hose  7  and  the  consolidated  release 
8  mounted  on  the  seat,  the  air  enters  Into  the  suit. 

A  ahortcostlng  of  these  two  described  versions,  as  Indicated  by 
foreign  specialists.  Is  the  fact  that  under  certain  operational  regimes 
there  may  occur  a  certain  ”mlamatch"  between  the  temperatures  of  the 
air  fed  into  the  cabin  and  Into  the  suit.  In  this  case,  the  pilot  will 
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lexperlence  elti.  r  excessive  heat  or  excessive  cold  and  will  have  to 

i 

I  reduce  the  supply  of  air  manually. 

ij 

]  Provision  has  been  made  in  both  designs  for  an  on-board  connec- 

I 

:  tlon  tube  to  be  employed  for  the  ventilation  of  clothing  on  the  ground 
by  means  of  a  portable  ground  air  conditioner. 

Figure  205  shows  an  alr-conditloning  system  developed  by  the  Eng¬ 
lish  firm  "Godfrey"  for  the  ventilation  of  clothing,  used  aboard  ''Can¬ 
berra"  aircraft  which  operate  In  tropical  regions.  The  system  Is  de¬ 
signed  for  the  ventilation  of  a  crew  consisting  of  3  ‘Tien  and  yields  a 
supply  of  ^0  m^/nr  of  air  at  an  excess  pressure  of  0.5  kg/cm*"  (l.e., 
about  225  liters  per  minute  for  a  single  Individual). 

The  heat  exchanger  mounted  In  the  main  kerosene  fuel  line  Is  used 
to  cool  the  air.  The  air  taken  from  the  engine  compressor  througii  the 
selector -distributor  1  passes  Into  the  system  either  through  heat  ex¬ 
changer  3  or  directly.  Then  the  air  passes  through  drier  5  and  maxLmu.m- 
feed  limiter  6  Into  the  tubes  connected  to  the  work  positions  of  the 
crew.  Each  pilot  Is  provided  with  a  manual  stopcock  10  to  control  the 
quantity  of  air  as  a  function  of  Individual  sensation  of  heat.  The 
selector  valve  1  controlled  from  the  cabin  makes  It  possible  to  obtain 
air  of  the  desired  temperature  by  redistributing  the  quantity  of  air 
passing  through  the  heat  exchanger  or  bypassing  Ic.  The  connection 
tube  of  the  ground  ventilation  1^  Is  connected  to  the  main  system 
through  a  T-connectlon  which  Is  fitted  out  with  a  return-flow  valve  7. 

Foreign  scientists  proprse  various  versions  and  refinements  of 
this  design.  They  hold  that  the  operation  of  the  distributor  valve 
must,  first  of  all,  be  autona‘'.ed  In  aocordjnce  with  the  required  air 
temperature.  This  .:iri  b*^  achieved  In  'wo  ways:  l.e.,  by  the  installa¬ 
tion  of  a  temperature  sensing  element  beneath  the  shell  or  by  the  In¬ 
stallation  of  ‘wo  aensl.ng  elements  —  one  In  the  tubing,  behind  the 
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dlstrltmtor,  and  a  aecond.  In  tha  air  of  the  cabin  In  order  to  provide 
for  automatic  correction  for  heat  tranafer  on  the  part  of  the  tubing. 
The  first  method,  in  their  opinion,  le  Inferior  with  respect  to  the 
fact  that  excess  electrical  connections  are  required  to  link  the  pilot 
with  the  Inboard  facilities  of  the  aircraft,  and  because  of  the  inter¬ 
changeability  of  the  sensing  elements  with  the  tempera t\2re  regulators. 

It  is  held  that  other  sources  of  cold  may  be  used  in  an  aircraft. 
In  particular,  the  heat  exchanger  need  not  be  Installed  in  the  fuel 
smnifold,  but  can  be  mounted  on  the  tubing  of  the  cabin  blower  system, 
behind  the  txirbine -operated  cooling  unit.  It  is  also  possible  to  in¬ 
stall  an  individual  turbine -operated  cooling  unit  designed  especially 
for  the  ventilation  of  the  protective  clothing. 

For  purposes  of  ventilating  people  wearing  protective  clothing  it 
is  held  necessary  to  use  grotmd  air -conditioning  installations. 

There  are  two  types  of  such  installations,  e.g.,  with  an  air 
sycle  (l.a.,  with  a  turbine -opera ted  cooling  milt)  and  a  compresslon- 
/apor  cycle  (with  an  evaporating  cooling  agent,  as  In  home  refrlgera- 
:ors).  The  first  type  of  Installation  is  generally  designed  for  large 
ilr  flow  rates  with  a  low  head  and  Is  used  primarily  for  ventilation 
ind  cooling  of  aircraft  cabins. 

Ground  air  conditioners  working  with  a  compression-vapor  cycle 
xhlblt  smaller  dimensions  and  are  used  for  the  simply  of  cool  dry  air 
0  the  ventilated  suits.  This  type  of  Installation  (produced  by  the 
rltlsh  firm  "Godfrey”)  produces  35  m^/mln  of  air  at  a  discharge  pres- 
ore  of  up  to  0.7  kg/cm  (at  the  indicated  flow  rate).  Th.e  inatalla- 
lon  is  moxmted  on  a  two-wheeled  car  trailer. 

It  la  convenient  to  use  buses  equipped  with  such  an  air-condltion- 
4  system  at  airfields  to  transport  pilots.  Ihe  tubing  is  connected 
each  seat  In  the  bus.* 


j 

I 

I  Protection  Against  Cosmic  Rays 

I 

I  We  can  arrive  at  relatively  reliable  assumptions  as  to  the  results 

I  of  prolonged  exposure  of  the  human  organism  to  cosmic  radiation  In 

I 

‘  analogy  with  the  effect  of  Ionizing  radiations  obtained  In  laboratories 
The  biological  effect  of  radiation  depends  not  only  on  quantity, 


3  Sc’CO'^a  t  ir— 

Fig.  206.  Intensity  of  cosmic  radiation  (expressed  In  physical  equiv¬ 
alents  of  the  roentgen)  as  a  function  of  altitude  and  geographic  lati¬ 
tude.  1)  Intensity  of  rays,  mllllroentgens  per  day;  2)  north  latitude; 
3’  altitude.  In  km, 

but  on  the  nature  and  characteristics  of  the  rays.  Thus,  for  example, 
the  harmful  effect  on  the  organism  of  7-rays  Is  smaller  by  a  factor  ox' 
10  than  that  of  a-partlcles  and  smaller  by  a  factor  of  20  than  the 
fast  neutrons  whose  energy  exceeds  20  million  electron  volts. 

The  following  radiation  tolerances  (In  physical  equivalents  of 
roentgens)  have  been  established  In  the  Soviet  Union:  0.05  roentgens 
per  day  (more  exactly,  during  a  single  work  day)  and  no  more  than  0.3 
roentgens  per  week.  If  It  Is  difficult  to  control  the  dally  dosage 
[11].  On  the  whole  these  norms  correspond  to  the  recommendations  of 
the  International  Radiological  Congress  held  In  London  In  1950. 

A  single  exposure  to  50-100  roentgens  can  be  tolerated. 

The  ionizing  capacity  of  cosmic  rays  Is  greater  by  a  factor  of 
about  10  than  the  effect  of  7-rays  and  therefore  the  permissible  dosage 
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of  the  former  must  be  smaller  by  a  factor  of  10. 

Figure  206  shows  the  results  obtained  I  by  Mllllken  In  the  measure- 

■  *  '  '  ’  ■  i 

Blent  of  the  Ionizing  effect  of  cosmic  rays  jat  various  geographic  lati¬ 
tudes,  e:q>ressed  In  physical,  equivalents  of  the  roentgen.  Prom  these 

curves  we  can  see  that  In  the  middle  latitudes  (30-60^)  at  altitudes 
.  1 
of  20-30  km  the  maximum  radiation  dosage  Is  13>13  mllllroentgens  per 

day,  whereas  In  the  case  of  regular  Irradiation  the  limit  dosage  should 
be  set  at  3  mllllroentgens  per  day. 

At  the  present  time  aircraft  fly  for  several  minutes  at  high  alti¬ 
tudes  and  pilots  neei  fear  no  harmful  effect  from  cosmic  radiation.* 
However/ futiu'e  astrpnauts,  in  the  opinion  of  foreign  scientists,  will 
have  to  contend  on  a  more  serious  level  with  protection  against  cosmic 
radiation,  and  frcvn  the  engineering  standpoint  the  problem  is  diffi¬ 
cult.  Nevertheless,  It  Is  possible  to  protect  the  most  sensitive  por- 
tlom  of  the  human  organism  against  radiation,  thus  raising  the  per¬ 
missible  level  of  radiation  dosage.**  In  the  opinion  of  foreign  sclen- 
tlsti  this  can  be  achieved  by  using  light  filters  made  of  silica  glass 
containing  large  quantities  of  lead  to  protect  the  eyes,  and  by  Incor¬ 
porating  lead  strips  jin  the  clothing  to  protect  the  region  of  the  neck 
lymph  nodes,  the  heart,  the  spleen,  and  the  gonads.  In  seeking  the 
solution  to  this  problem  It  should  be  borne  In  mind  that  in  the  pres¬ 
ence  of  high-energy  particles  excessively  thin  screening  may  result  In 
a  cascade  of  secondary  particles  which,  in  turn,  produce  a  harmful  ef¬ 
fect. 

The  curves  shown  In  Pig.  206  show  that  at  altitudes  below  40  km 
the  Intensity  of  primary  cosmic  radiation  Increases  toward  the  terres¬ 
trial  poles.  This  phenanenon  is  brought  about  by  the  fact  that  the  ter¬ 
restrial  magnetic  field  deflects  cosmic  rays  approaching  the  earth 
from  outer  space  toward  the  magnetic  poles.  Therefore,  If  a  flight  is 

-  132  - 


i 

I carried  out  In  the  vicinity  of  the  geomagnetic  equator  at  the  Indicated 
I  Interval  of  altitudes,  the  harmful  effect  of  cosmic  radiation  may  be 
I  reduced  by  a  factor  of  approximately  three  In  comparison  with  a  flight 
^  carried  out  at  a  latitude  of  60°. 

§8.  PROTECTION  OF  INDIVIDUAL  AGAINST  RAM  PRESSURE  AND  DECELERATION  G 
FORCES  ON  EJECTION 

On  ejecrlon  at  great  speeds  man  Is  subject  to  the  pressiire  of  the 
approaching  free  alrstream,  this  pressure  proportional  to  the  square 
of  the  true  speed  and  the  density  of  the  air. 

In  the  case  of  upward  ejection  the  effect  of  i-am  pressure  begins 
as  soon  as  the  canopy  Is  Jettisoned  and  the  pilot’s  head  rises  above 
the  cockpit. 

The  ram  presstire  attains  Its  maximum  within  0.08-0.14  second,  and 
then  diminishes  rather  rapidly  (by  a  factor  of  more  than  2)  during  the 
first  second. 

The  Influence  of  ram  pressure  on  the  human  organism  and  on  the 
strength  of  the  equipment  Is  studied  In  open  wind  tunnels.  Man  (or  a 
dumiTiy)  Is  subjected  to  a  sudden  airstream;  then  the  velocity  Is  reduced 
by  opening  the  side  bleeder  orifices. 

In  actual  flight  the  seat,  after  ejection.  Is  immediately  decel¬ 
erated  by  the  air.  In  this  case  the  acceleration  [G  forces]  la  experi¬ 
enced  In  the  "back-chest"  direction.  The  maximum  magnitude  of  these  G 
forces  are  calculated  In  accordance  with  the  formula  presented  In 
Chapter  5,  §10. 

We  know  from  foreign  sources  that  the  Influence  of  the  G  forces 
resulting  from  linear  acceleration  Is  studied  on  trolleys  driven  by 
rocket  engines  (the  so-called  rocket  sleds)  mounted  on  a  special 
straight  track  600  to  6000  m  long  and  equipped  with  a  brake  mechanism. 

As  has  already  been  pointed  out,  great  ram  pressure  can  be  wlth- 
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atiod  because  the  seat  supports  all  parts  of  the  human  body  (given  the 
condition  that  measxares  have  been  taken  to  prevent  the  flailing  of  ex- 
treaitles). 

Vbrlous  types  and  component  parts  of  hlgh-altltude  and  protective 
equipment  function  In  a  variety  of  ways  under  ram-pressure  conditions 
and- therefore  their  protective  effect  should  be  examined  in  separate 
eleaients* 


Protection  of  the  Pilot »e  Head.  The  Protective  Helmet 

Die  face  is  the  part  of  the  human  body  most  vulnerable  to  ram 
pressure.  Below  an  indicated  speed  of  750  km/hr  (which  corresponds  to 
a  ram  presaiire  of  2700  kg/m  )  the  pressure  of  the  alrstream  can  be 

withstood  without  harmful  effect.  With  continued 
rise  In  the  velocity,  the  eyes,  mouth,  nose,  and 


respiratory  organs  may  be  damaged. 

On  ejection  at  great  altitudes,  a  continuous 
oxygen  supply  Is  required  In  addition  to  protec- 


Flg.  207.  Trans¬ 
parent  oxygen 
laask  produced 
by  the  Scott 
Aviation  Cor¬ 
poration,  this 
mask  covering 
the  entire  face. 


tlon  of  the  face  against  mechanical  damage.  There¬ 
fore,  when  an  oxygen  mask  is  enqployed  the  latter 
iBust  be  kept  in  proper  position  on  the  face  and 
the  airtight  fit  must  remain  Intact  after  cessa- 


usk  covering  tlon  of  the  ram  pressure  (a  period  of  2-3  seconds 

the  entire  face.  during  which  airtightness  Is  lost  can  be  tolerated). 

Conventional  masks  with  reinforced  four-point  attachment  to  a 
headset  can  withstand  ejection  at  =  700-750  km/hr. 

Figure  207  shows  an  experimental  rigid  transparent  mask  which 
covers  the  entire  face.  This  mask  can  offer  protection  against  ram 
pre8suz*e  at  a  on  the  order  of  900-950  km/hr. 

Brief  ascents  to  altitudes  of  15-16  km  are  generally  carried  out 


in  an  equipment  coaq}lex  consisting  of  a  Q  suit,  an  oxygen  mask  with 


Fig.  208.  Protective  helmet  with  oxygen  mask  used  by  the  USAF  and 
other  countries,  a)  Protective  visor,  light  filter  raised;  b)  protec¬ 
tive  visor,  light  filter  lowered.  1)  Hose  to  tension  compensator  of 
oxygen  mask;  2)  oxygen-mask  release;  3)  textollte  helmet;  k)  protec¬ 
tive  vlsor-llght  filter;  5)  oxygen  mask. 

excess  pressure,  and  a  protective  helmet. 

The  protective  helmet  has  several  functions:  to  protect  the  head 
and  face  against  being  struck  accidentally,  and  to  protect  the  pilot 
against  the  blinding  effect  of  solar  rays  and  the  ram  pressure. 

Protective  helmets  are  made  In  one  of  the  following  two  versions 

1)  a  single  protective  helmet  (replacing  the  helmet  headset  as 
well);  In  this  case,  the  telephones  are  connected  to  the  helmet  on 
plate  springs; 

2)  an  antishock  heLmet  with  a  movable  light  filter,  worn  over  a 
headset. 

In  the  first  case  the  ox;y"gen  mask  is  fastened  to  the  protective 
helmet,  while  In  the  second  case  It  Is  attached  to  the  headset. 

The  construction  of  a  protective  helmet  fabricated  In  accordance 
with  the  first  design  Is  clear  from  Fig.  208. 

The  helmet  portion  is  stamped  from  synthetic  fiber  .material  such 
as,  for  example,  glass  textollte  which  Imparts  the  required  strength 
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and  plasticity  to  the  helmet.  Ihe  outside  surface  of  the  helmet  is 
policed  in  order  to  reflect  radiated  heat«  while  the  inside  surface 
is  coated  with  thermal  insulation.  A  movable  light  filter  made  of  non- 
breakable  plastic  is  hinged  at  two  points  and  attached  reliably  at  the 
two  extreme  positions.  Vfhen  the  light  filter  is  in  the  lowered  posi¬ 
tion  it  serves  as  an  additional  means  to  keep  the  mask  on  the  face.  In 
this  position  the  permlselble  ejection  velocity  is  900-100C  krv^hr.  The 
maxlaun  velocity  Is  generally  limited  by  tne  reliability  of  oxygen- 
mask  attachments  and  its  air tightness  (after  the  effect  of  the  ram 
pressure). 

The  weight  of  the  protective  helmet  on  the  average  amounts  to  2.3 

kg. 

Ihe  airtight  helmet  of  the  0  suit  may  protect  the  head  to  » 
m  1100  kn/hr,  while  apace  pressure  suits  can  serve  this  function  to 
•  1200-1300  kn/iir.* 

Table  22  shows  the  tolerance  values  of  indicated  speed  at  which 
various  types  of  equipeient  for  head  and  face  protection  may  be  employed. 

The  lower  permissible  velocities  for  a  protective  helmet  and  the 
airtight  helmet  of  a  VXX  [high-altitude  0  suit]  in  comparison  with  a 
space  pressure  suit  can  be  explained  by  the  fact  that  the  airstream 
may  catzse  a  sharp  turning  of  the  head  to  the  side  and  force  it  away 
froB  the  headrest.  The  rise  in  the  permissible  ejection  velocity  for 
these  types  of  equipment  is  associated  with  the  mounting  of  additional 
devices  on  the  seat  to  prevent  the  shifting  of  the  head. 

The  utilisation  of  a  space  pressure  suit  with  a  fixed  helmet, 
with  its  relatively  large  volume  in  which  visibility  is  achieved  by 
ttirning  the  head  Inside  the  helmet,  results  in  other  complications  on 
ejection.  The  ram  pressure  exerts  absolutely  no  effect  on  a  man's  head 
In  such  a  helmet,  therefore,  the  inertial  forces  developed  by  a  forces 
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TABLE  22 

I  Tolerable  Ejection  Velocities  as  Functions  of 

I  Face-Protection  Method  Against  Ram  Pressure* 


Am 

no 

nop. 

B 

Tun  CHtpUMceHM* 

Q 

jlonycTHMjt  CKopocTb  V, 

KMliae 

1 

iVi.-icKa  e  ii!jeMO()ioMOMD 

750-800 

2 

z  aaiuHTHUH  uiacMOM  m  onyiu«NHWM 

CBCTO^MJIkTpOH  E 

900—950 

3 

repMeTimeciiifl  iu.icm  c  KOMneHCHpyniuHM 
koctuhomF 

1000—1100 

4 

BuCOTMWft  cxa^HspU 

1200-13GO 

♦The  permissible  ejection  velocities  are  presented  from  translated 
sources  and  are  tentative.  It  should  be  borne  In  mind  that  the  permls 
slble  velocity  la  a  function  of  helmet  design  features,  Its  strength 
margin,  and  the  method  by  means  of  which  It  is  connected  to  the  pro¬ 
tective  clothing  and  ejection  seat. 

A)  Item  No.;  B)  type  of  equipment;  C)  permissible  velocity  V^,  In 

km/hr;  D)  mask  with  headset;  E)  mask  with  protective  helmet  and  low¬ 
ered  light  filter;  F)  airtight  helmet  with  G  suit;  G)  hlgh-altltude 
space  suit. 


on  deceleration  of  the  seat  In  the  alrstream  lead  to  a  Intense  depres¬ 
sion  of  the  head  forward,  and  this  may  result  In  the  face  striking 
against  the  helmet  or  the  wrenching  of  the  neck  vertebrae. 

This  forward  movement  of  the  head  Is  also  experienced  when  the 
pilot  Is  protected  against  the  ram  pressure  by  the  cockpit  canopy. 

G  forces  below  25  In  the  "back-chest"  direction  are  regarded  as 
completely  safe  for  a  pilot's  head  and  neck  If  he  Is  wearing  a  space 
pressure  suit.  At  higher  G-force  values  It  becomes  necessary  to  resort 
to  special  measures  In  order  to  prevent  the  consequences  of  the  head 
being  forced  forward,  l.e.,  automatic  fixation  (tensioning)  of  the 
head  at  the  Instant  of  ejection  or  the  "wedging"  of  the  head  Inside 
the  helmet  by  means  of  chambers  which  Inflate  automatically. 

As  reported  in  the  foreign  press,  some  pilots,  not  wishing  to 
wear  airtight  helmets,  hold  that  In  case  of  the  need  for  ejection  they 
will  first  reduce  flight  velocity.  However,  It  Is  not  an  Infrequent 
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occurrence  that  an  emergency  hegina  with  loss  of  aircraft  control  and 
entry  Into  a  dive.  It  la  obvloua  that  In  thla  caae  It  will  be  Impoa- 
alble  to  reduce  velocity.  Under  other  clrcumatancea.  In  order  to  reduce 
velocity^  the  pilot  will  Inatlnctlvely  pull  back  on  the  atlck  and  the 
aircraft  will  climb  to  an  altitude  at  which  the  oxygen  maak  will  no 
longer  be  able  to  enaxire  retention  of  conaclouaneas.  It  la  held  there¬ 
fore  that  aircraft  pllota  operating  at  auperaonlc  velocltlea  must  use 
equipment  which  will  provioo  a  certain  "coefficient  of  safety,"  l.e., 
to  make  It  possible  to  use  0  axxlts  with  airtight  helmets  or  space  pres¬ 
sure  suits. 

Ihe  Function  of  the  Protective  Clothing  on  Ejection 

In  addition  to  its  primary  function  —  to  provide  the  necessary 
pressxire  In  the  alveolar  air  and  at  the  surface  of  the  pilot's  body  - 
a  hlgh-altltude  G  suit  and  the  shell  of  a  space  pressure  suit  on  ejec¬ 
tion  also  protect  man  against  the  effects  of  ram  pressure. 

In  the  case  of  great  ram  presstu'e  the  specific  pressure  at  cer¬ 
tain  points  of  the  body  may  attain  extremely  high  magnitudes. 

The  purpose  of  hlgh-altltude  clothing  (from  the  standpoint  of 
protection  against  the  alrstream)  Involves  the  uniform  transmission  of 
the  resulting  stresses  over  the  body  or,  more  exactly.  In  the  develop¬ 
ment  of  a  stress  pattern  over  the  body  such  that  these  can  be  with¬ 
stood  without  harm. 

In  this  connection  the  space  pressure  suit  and  other  forma  of 
protective  clothing  vary  as  to  operation. 

The  shape  of  a  apace  pressure  suit  la  altered  by  the  action  of 
ram  pressure,  thus  leading  to  a  reduction  In  the  Internal  volume  and 
to  a  pronounced  Increase  In  the  pressvire  Inside  the  space  pressure 
suit,  attaining  805^  of  the  total  ram  pressure.  Of  course,  a  portion  of 
the  space  pres  store -suit  shell  In  this  case  touches  against  the  body 
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(surface  and  exerts  pressure  directly;  however,  an  Increase  Ixi  the  pres- 
^  sure  Inside  the  apace  pressure  suit  eases  the  ability  to  withstand 
these  stresses. 


Pig.  209.  Idealized  diagram  of  space  pressure-suit  and  G-sult  opera¬ 
tion  In  alrstream.  1)  Shell  of  space  pressure  suit;  2)  ram  pressure 
against  shell;  3)  pressinre  against  human  body;  4)  back  of  seat;  5) 
suit. 


Let  us  assume  that  the  space  pressure  suit  Is  sufficiently  strong 
and  that  we  have  filled  It  prior  to  ejection  to  the  ram  pressi-ire.  In 

t 

this  case,  a  pilot  wearing  this  space  pressure  suit  will  be  virtually 
unaware  of  the  alrstream  pressures. 

I 

I  In  all  other  forms  of  clothing  the  redistribution  of  pressure  Is 
achieved  exclusively  through  the  work  of  the  clothing  fabric  Itself 
and  It  Is  Impossible  to  achieve  the  same  uniformity  of  stress  distribu¬ 
tion  as  with  a  space  pressure  suit.  The  patterns  shown  in  Fig.  209  Il¬ 
lustrate  the  above-cited  concepts. 

§9.  PROTECTION  OP  MAN  AGAINST  EFFECT  OF  CENTRIPETAL  ACCELERATIONS 

Effect  of  acceleration  on  human  organism  and  methods  of  reducing  Its 
^larmful  effect  * 

Unlike  the  ejection  process  In  which  the  acceleration  due  to  the 

explosion  of  the  firing  cartridge  and  the  acceleration  [G  forces]  due 

to  the  deceleration  of  flight  velocity  after  ejection  from  the  aircraft 
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Mot  on  the  individual  for  a  period  of  0.1-0. 2  second,  in  the  case  of 
fll^t  naneuvers  accelerations  are  felt  for  a  rather  prolonged  period 
of  tiae,  i.e.,  from  several  to  tens  of  seconds. 

On  ejection  the  short-duration  "shock"  acceleration  ( if  a  certain 
fixation  of  the  body  is  not  provided  for)  may  lead  to  purely  mechanical 
daisage  to  internal  organs  and  the  spinal  column  (particularly  the  lum¬ 
bar  vertebrae).  Even  slightly  prolonged  accelerations,  although  of 
considerably  smaller  magnitude  than  on  ejection,  reduce  the  working 
efflcloiioy  of  a  pilot  as  a  result  of  a  temporary  deficiency  in  the 
supply  of  blood  to  the  brain.  Subjectively,  this  may  be  felt  as  dim¬ 
ness.  !Ihe  accelerations  result  in  the  draining  of  blood  from  the  head 
and  the  chest  cavity  to  the  abdaninal  cavity  and  the  lower  extremities. 
This  has  been  confirmed  by  experiments  on  a  centrlfvige  in  which  an  In¬ 
crease  in  the  volume  of  the  shinbone  and  simultaneous  reduction  in  the 
volume  of  the  pinna  have  been  detected.  The  described  phenomenon  la 
accoe^nied  by  a  reduction  in  blood  presstare  in  the  vessels  of  the 
brain  and  an  Increase  in  the  venous  blood  pressure  at  the  lower  ex¬ 
tremities,  as  well  as  by  a  wide  range  of  similar  disruptions  of  circu¬ 
lation  regulation. 

The  foregoing  suggests  a  method  of  protecting  a  pilot  against  the 
effect  of  positive  acceleration  during  curvilinear  flight. 

It  is  necessary  to  prevent  the  drain  of  blood  to  the  lower  ex¬ 
tremities,  as  well  as  to  guard  against  the  shifting  and  intense  fill¬ 
ing  of  the  organs  in  the  abdominal  cavity  with  blood.  This  is  achieved 
by  means  of  antigravity  devices  (PPU).  Before  undertaking  a  descrip¬ 
tion  of  tl»lr  design,  it  is  expedient  to  become  familiar  with  the  re¬ 
sistance  of  an  organism  to  prolonged  acceleration.  In  the  conventional 
vertical  working  position  of  a  pilot  (with  a  back  lean  of  15-20°)  and 
the  effect  of  mechanical  forces  in  the  "head-pelvis"  direction,  brief 
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(1-2  seconds)  accelerations  below  6  unxcs  can,  for  the  nost  part,  be 
withstood  without  a  noticeable  reduction  In  operational  efficiency. 
Trained  pilots  are  able  to  withstand  satisfactorily  accelerations  below 
7-8  for  a  fraction  of  a  second  and  In  this  case  only  a  few  will  experi¬ 
ence  brief  dimness.  They  can  also  withstand  satisfactorily  prolonged 
acceleration  below  4-5  units  lasting  15-20  seconds.  With  prolonged  ac¬ 
celeration  above  5  and  with  brief  acceleration  above  8-9  significant 
functional  disturbances  generally  set  In,  Including  brief  loss  of  vis¬ 
ion  and  consciousness. 

The  antigravity  devices  raise  the  tolerance  of  the  organism  or, 

In  other  words,  reduce  the  harmful  effect  of  acceleration  by  a  factor 
of  about  2.5-3  units.  Thus  If  a  9  G  force  acts  on  an  aircraft,  physi¬ 
ologically  the  pilot  experiences  G  forces  of  6  units.  It  should  be 
stressed  that  the  protective  properties  of  the  antigravity  devices  may 
be  used  only  In  the  case  of  G  forces  acting  In  the  "head-pelvis"  direc¬ 
tion.  PPU  [antigravity  devices]  produce  no  positive  effect  In  the 
event  of  Instantaneous  accelerations  In  the  case  of  seat  ejection. 

Design  of  Antigravity  Devices* 

The  antigravity  equipment  complex  consists  of  two  basic  parts: 

1)  an  antigravity  suit  (Fig.  210)  which  Is  an  Individual  piece  of 
equipment  for  the  pilot; 

2)  a  special  automatic  unit  (the  so-called  pressure  automat) 
which  controls  the  air  pressure  In  the  pneumatic  chambers  of  the  suit 
In  proportion  to  the  acceleration  magnitude. 

The  automatic  pressure  unit  Is  fixed  In  position  aboard  the  air¬ 
craft  and  Is  supplied  with  compressed  air  from  the  engine  compressor. 

The  antigravity  suit  exerts  mechanical  pressure  against  the  lower 
extremities  and  the  abdomen,  and  It  Is  made  with  tensioning  devices  of 
the  same  type  as  In  G  suits  (see  Fig.  l8l).  The  magnitude  of  the  air 
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pressure  In  the  chambers  and  their  geometric 
dimensions  are  selected  so  as  to  balance  the 
Increase  In  the  hydrostatic  pressure  of  the 
blood  In  the  lower  extremities  produced  by 
the  action  of  the  acceleration. 

Figure  211  shows  the  air  pressures  In 
two  types  of  tensioning  devices  as  functions 
of  acceleration  magnitude.  For  a  suit  made  In 
the  form  of  Fig.  l8la  (with  circular  chambers) 
the  required  pressure  In  the  case  of  0  forces 
equal  to  10  luilts  amounts  to  1.3-1<5  kg/cm  . 

Fig.  '210.  General 

view  of  antigravity  For  a  suit  with  flat  chambers  the  required 
suit  as  worn  by  a 

person.  presstire  Is  less  and  with  8  0  forces  does  not 

o 

exceed  0.65  kg/cm  .  These  quantities  are  the  minimum  air  pressures 
which  the  aircraft  designer  must  ensure  at  the  Inlet  to  the  PPU  auto¬ 
matic  \uilt. 

Antigravity  suits  are  made  either  In  the  form  of  a  separate  suit 
or  structurally  combined  with  a  hlgh-altltude  G  suit.  The  Independent 
antigravity  suits  are  made  either  only  with  flat  chambers  (see  Fig. 

210)  or  with  a  combination  of  chambers,  and  namely:  round  chambers  are 
Included  to  cmipresa  the  legs  (calves  and  hips),  and  a  flat  chamber  to 
compress  the  stemmeh. 

.m  view  of  the  fact  that  the  abd(»ilnal  chamber  has  great  area  and 
nay  distend  more  than  necessary  upon  application  of  pressure.  It  has 
lljBlter  laces  on  the  Inside.  This  makes  It  possible  to  apply  as  much 
pressure  to  the  abdominal  chamber  as  to  the  round  chambers. 

Antigravity  suits  are  generally  made  of  capron  or  nylon  fabric 
ind  are  produced  In  6  sizes.  For  Individual  fit  about  the  diameter 
lacing  Is  passed  thro\;gh  eyelets.  The  suit  with  flat  chambers  generally 
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Pig.  211.  Required  excess  air  pressure  In  tensioning  chambers  of  anti- 
gravity  suit  as  a  function  of  acceleration  magnitude  and  chamber  type: 

1)  for  flat  chambers;  2)  for  ro\ind  chambers.  A)  Air  pressure  In  cham- 
2 

bers,  in  kg/cm  ;  B)  abdominal  chamber;  C)  acceleration  In  "head-pelvis" 
direction. 

has  5  pneumatic  chambers,  l.e.,  one  each  at  the  hips,  the  calves,  and 
at  the  stomach,  fashioned  Into  a  single  whole.  To  prevent  the  chambers 
from  sticking  together,  a  steel  spiral  In  a  capron  covering  case  Is 
Included  on  the  Inside.  An  antigravity  suit  weighs  about  1.5-2  kg. 

The  automatic  press\ire  unit  In  the  event  of  acceleration  acts  In 
the  "head-pelvis"  direction  and  must  maintain  a  pressxire  corresponding 
to  the  curves  shown  In  Pig.  211  automatically  and  without  delay.  A 
schematic  diagram  of  the  automatic  pressxare  unit  Is  shown  in  Fig.  212. 
The  device  consists  of  frame  1  in  which  slide  valve  2  shifts  vertically. 
Weight  3  presses  against  the  top  of  the  slide  valve;  In  the  absence  of 
acceleration  the  weight  Is  offset  by  the  force  of  spring  4.  In  this 
case,  the  window  of  the  Inlet  connection  tube  5  Is  closed  by  slide 
valve  2  and  no  air  can  enter  the  suit  chamber.  The  small  quantity  of 
air  which  la  drawn  In  through  the  clearances  between  the  frame  and  the 
slide  valve  Is  discharged  throiagh  special  drain  orifices  that  have 
been  provided  for  In  the  frame. 
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At  tht  Instant  that  the  acceleration  appears,  the  Inertial  forces 
of  the  weight  and  slide  valve  compress  spring  4  and  force  the  slide 
valve  down.  Zn  this  case,  a  trapezoidal  passage  In  the  slide  valve 
opens  to  permit  movement  of  the  compressed  air  and  the  latter  proceeds 
Into  the  chamber  of  the  antigravity  suit  through  a  hose.  A  portion  of 
the  air  passes  through  an  opening  In  the  neck  of  the  slide  valve  to 
the  lower  chamber  beneath  the  slide  valve  where  pressure  Is  developed 
to  raise  the  slide  valve  tipward.  As  a  result,  the  slide  valve  Is 
mounted  In  some  equilibria  position  corresponding  to  the  magnitude  of 
the  given  acceleration  and  the  air  leakage  losses  from  the  automatic 
pressure  unit. 


Pig.  212.  Diagram  and  ooeratlon  of  automatic  pressure  unit  In  anti- 
gravity  installation,  a)  No  acceleration;  b)  with  acceleration.  1) 
Frame;  2)  slide  valve;  3)  weight;  4)  spring;  5)  Inlet  connection  tube; 
6)  rubber  cap;  7)  check  valve;  8)  spring;  9)  connection  tube  for  air  • 
discharge  Into  PPK  [antigravity  suit]. 

Various  characteristics  for  air  pressures  developed  by  the  auto¬ 
matic  unit  (during  the  design  stage  of  the  latter)  are  obtained  by 
changing  the  weight  and  the  diameter  of  the  slide  valve.  There  are 
automatic  units  In  whose  design  there  are  two  weights,  so  that  the 
pilot  can,  at  will,  use  one  or  both  weights  by  turning  the  head  of  the 
unit.  Ihls  makes  It  possible  to  obtain  two  different  characteristics 


from  a  single  automatic  unit. 

Aboard  an  aircraft  the  automatic  pressure  unit  Is  mounted  only  In 
the  vertical  position.  For  reliable  and  fallproof  operation  of  the 
device  It  Is  necer.sary  for  the  air  entering  the  unit  to  be  free  of 
dust,  moisture,  or  oil.  Therefore,  a  special  filter  Is  mounted  In 
front  of  the  automatic  iinlt  and  the  upper  portion  of  the  unit  Is  cov¬ 
ered  with  a  soft  rubber  cap  6  to  prevent  the  entry  of  contamination 
between  the  slide  valve  and  the  frame.  The  cap  Is  made  elastic  so  that 
after  the  engine  has  been  started  the  pilot  can  check  the  operation  of 
the  automatic  unit  and  his  antigravity  suit  by  pressing  his  finger 
against  the  weight. 

§10.  THE  PORTABLE  EMERGENCY  KIT  (NAZ) 

In  the  case  of  emergency  abandonment  of  an  aircraft  the  members 
of  the  crew  may  find  themselves  In  some  uninhabited  area.  The  aircraft 
may  break  up,  burn,  or  sink.  For  this  event\iallty  the  survivors  must 
be  equipped  with  facilities  to  signal  their  position  as  well  as  to 
have  available  a  minlmvim  supply  of  water,  food,  and  medicines. 

This  Is  the  purpose  of  the  portable  emergency  [survival]  kit. 

Depending  on  the  geographic  region  of  aircraft  operation.  Its 
routes,  and  Its  operating  range,  the  content  of  the  portable  emergency 
survival  kit  may  vary.  Signaling  facilities  are  of  decisive  Importance 
In  ensuring  success  of  the  search  operations,  since  It  Is  extremely 
difficult  to  detect  a  man  In  a  forest.  In  the  ocean,  or  In  a  desert 
from  an  aircraft  or  some  other  form  of  transportation. 

The  food  Included  In  the  survival  kit  la  chosen  so  as  not  to  In¬ 
duce  thirst.  In  this  connection,  enriched  hard  candy  Is  better  than 
chocolate.  ''Pemmlcan"  (prepared  by  North  American  Indians  from  dried 
ground  meat,  grease,  and  berry  Juice)  is  a  valuable  hlgh-calorle  pre¬ 
served  product.  It  la  expedient  to  package  the  dally  rations  Indlvidu- 
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ally. 

Below  we  present  an  approjcloate  eniuaeratlon  of  the  Items  and 
equipment  included  a  sxirvlval  kit,  this  information  having  been 
taken  fzom  various  foreign  sources. 

1.  An  Inflatable  single-seat  rubber  raft  with  a  device  for  rapid 
inflation. 

2.  Signaling  and  detection  facilities: 

1)  a  radio  transmitter  and  a  direction  finder  with  a  power  source; 

2)  a  mirror  reflector  (a  heliograph); 

3)  a  pocket  flashlight; 

4)  a  smoke  signal; 

5)  signal  (firing)  cartridges  (flares); 

6)  chemical  (luminous  materials)  to  dye  the  surface  of  water  or 

snows 

7)  a  whistle  (to  signal  at  sea  during  fog  or  In  a  forest). 

3.  Nourishment  (water  and  food):  ^ 

1)  flasks  with  water  (replaced  with  a  chemical  purifier  at  sea); 

2)  cans  of  meat,  cheese,  and  berries; 

I 

3)  sugar,  hard  candy,  chocolate;  t  ; 

4}  biscuits. 

4.  Medicines: 

1)  bandages  (gauze  and  rubber); 

2)  antiseptics  (Iodine); 

3)  b\jrn  ointments  and  pain  killers,  synthoiayclne  (to  prevent 
stomach  upset)  In  tablet  form; 

4)  Injection  tubes  for  subcutaneous  Injections; 

5)  pantoclde  In  tablet  form  to  disinfect  water  taken  In  lakes  and 


Bwampa. 

3*  Survival  Items: 
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[  1)  matches  In  watertight  container  (wlndproof  or  glowing); 

2)  a  compact  stove  and  solid  chemical  fuel  (alcohol  or  gasoline 
In  briquettes); 

3)  fishing  tackle; 

4)  a  knlfe-flle  combination  or  a  folding  military  dagger; 

5)  sea-water  distiller; 

6)  a  compass; 

7)  a  magnifying  lens  for  ignition; 

8)  a  waterproof  poncho; 

9)  needle  and  thread. 


A  Mtcmo  R 


Fig.  213.  Attachment  of  portable  emergency  survival  kit  on  suspension 
system  of  parachute,  l)  Backpack  straps;  2)  main  strap  of  suspension 
system;  3)  lacing;  41  parachute  oxygen  equipment;  5I  leg  straps  of 
suspension  system;  6)  ripcord  handle;  7)  ripcord;  8)  orotectlve  cover 
Ing  case  for  release.  A)  Position  A;  B)  position  B;  C)  position  D;  D) 


In  the  case  of  flights  over  deserts  the  raft  and  distillation 
luilt  is  replaced  by  a  larger  supply  of  bottled  water  in  quantities  up 
to  6  liters  (based  on  a  calculation  of  3  liters  per  day).  For  flights 
In  the  Arctic  and  during  the  winter  over  dry  land  provision  is  made 
for  folding-type  skis. 

All  component  parts  of  the  survival  kit  are  packed  Into  a  single 
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71g*  214.  Diagram  of  raft 
release  from  backpack  of 
portable  emergency  sur¬ 
vival  kit  and  Its  gas  In¬ 
flation  In  the  air.  1} 
Portable  emergency  s\ir- 
vlval  kit;  2)  parachute 
suspension  system;  3) 
shroud  line;  4)  release 
lino;  5)  safety  valve;  6) 
raft;  7)  C0«  bottle;  8) 


backpack  which  Is  attached  to  the  suspen¬ 
sion  system  of  the  parachute.  The  back¬ 
pack  Is  stored  In  the  seat  bucket  or  sus¬ 
pended  from  the  pilot's  back  (Fig.  199 
shows  a  pilot  wearing  a  portable  emer¬ 
gency  survival  kit  and  a  parachute  back¬ 
pack). 

The  emergency  survival  kit  Is  packed 
In  a  waterproof  container  and  the  kit 
can  float.  Ihe  Indlvldxaal  parts  of  the 
kit  are  also  made  to  float  or  they  are 
connected  by  means  of  thin  cables  to  the 
nonsinking  backpack  frame  made  of  light 
plastic  foam. 

The  over -all  weight  of  the  portable 
emergency  survival  kit  Intended  for 
deserts  or  oceans  may  reach  l6  kg.  As  a 
rule  such  a  kit  Is  carried  In  the  seat. 
The  backpack  Is  lower  In  weight  and  has 


raft;  7)  COg  bottle;  8)  a  limited  supply  of  materials  (but  not 

release  cable.  expense  of  signaling  facilities). 

In  order  to  fasten  the  NAZ  [emergency  survival  kit]  to  the  sus¬ 
pension  system  of  vhe  parachute,  provision  Is  made  for  a  special  pack 
of  strong  fabric. 

Since  the  NAZ  [emergency  survival  kit]  Is  rather  heavy.  It  la  re¬ 
leased  from  Its  pack  prior  to  landing  In  water  or  on  the  ground  and  It 
Is  lowered  on  a  shroud  line  (approximately  12-15  m  long).  For  this  pur¬ 
pose  there  is  a  handle  connected  by  means  of  a  cable  to  the  pack  re¬ 
lease  straps.  Ihe  cable  passes  through  a  flexible  tube  fastened  to  the 
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suspension  system  (Pig.  213).  Before  landing,  a  pilot  pulls  this  handle 
at  a  height  of  about  100-200  m,  the  straps  open,  and  the  NAZ  [emergency 
survival  kit]  falls  out  from  the  pack. 

The  rubber  rescue  raft  Is  folded  so  that  It  Is  the  first  to  be 
released  from  the  backpack.  The  raft  Is  held  by  the  outside  flaps  of 
the  backpack,  which  are  held  shut  by  means  of  pegs  and  slats  with  the 
two  pins  of  the  release  cable. 

The  gas  Inflation  of  the  raft  Is  achieved  from  a  carbon-dioxide 
bottle  manually  after  landing  In  water  (by  pulling  on  the  release 
cable)  or  automatically  as  the  NAZ  [emergency  survival  kit]  Is  released 
from  the  pack  on  the  suspension  system.  In  the  latter  case,  a  special 
short  shroud  line  from  the  backpack  Is  first  (during  the  preparation 
for  the  flight)  connected  to  the  release  cable  of  the  backpack  and 
with  the  release  line  attached  to  the  safety  valve  of  the  carbon- 
dioxide  bottle  and  to  the  lever  which  opens  the  valve  of  the  latter 
(Pig.  214). 

On  ejection  of  the  NAZ  [emergency  survival  kit]  all  shroud  lines 
are  tensed  and  the  pins  and  safety  valves  are  released  thus  automatic¬ 
ally  freeing  the  raft  and  filling  It  In  the  air,  before  It  reaches  the 
water  surface. 

Por  landings  on  dry  ground  the  backpack  Is  provided  with  shoulder 
straps  to  carry  the  NAZ  [kit].  During  storage  these  straps  are  stuffed 
Into  the  pocket  at  the  top  of  the  backpack. 

The  simplest  signaling  devices  (a  flashlight,  flares)  are  best 
stored  In  an  airtight  container  In  special  pockets  directly  on  the  In¬ 
dividual,  these  pockets  sewn  Into  the  water  survival  suit  or  space 
pressure  suit  precisely  for  this  purpose. 

The  problem  of  behavior  and  crew  action  to  ensure  survival  In  the 
event  of  the  emergency  abandonment  of  an  aircraft  In  desert  regions  Is 
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considered  In  detail  In  special  literature.* 

tr-  ■  ‘  ‘  . 

til.  nsazAss  op  "PLOMBiNa"  on  bjbctzon 

Jtith  Increasing  altitude  and  flight  velocity  for  aircraft  and  as 
the  hlgh-altltude  equlpnent  becones  more  complex  the  number  of  required 
connections  has  undergone  considerable  Increase  (hoses  and  electric 
Vlrlxig)  to  connect  the  pilot  with  the  Instruments  and  assemblies  In¬ 
stalled  In  an  aircraft  cabin. 

If  a  pilot  was  formerly  connected  to  on-board  aircraft  equipment 
by  means  of  a  single  oxygen  hose  and  a  single  four-cable  electric  wire 
for  flights  to  altitudes  below  12,000  m,  at  the  present  time  In  order 
to  execute  flights  with  a  hlgh-altltude  stqpersonlc  ptirsult  aircraft 
the  following  gas  and  electrical  connections  are  required,  as  shown  In 
Pigs.  188-190: 


1)  hoses  for  the  on-board  oxygen  unit... .  1-3 

2}  air  lines: 

antigravity  suit . . . . . .  1 

ventilated  suit .  1 

3)  electrical  lines: 


communications  (telephone  and  microphone)  4 
glass  heating  with  temperature  regulator.  2-4 

All  In  all,  there  are  up  to  3  gas  and  up  to  8  electrical  connec¬ 
tions. 

In  order  to  ensure  safe  ejection  the  Instantaneous  separation  of 
all  of  the  above -enimiera ted  connections  must  be  possible  with  moderate 
force  (no  more  than  40-30  kg).  At  the  same  time,  those  gas  connections 
through  which  oxygen  from  on-board  equipment  was  siipplled  to  the  air¬ 
tight  helmet  and  the  tensioning  chambers  of  a  0  suit  or  throxjgh  idilch 
the  oxygen  and  air  supply  passed  to  a  space  pres8iu*e  suit  must  be 
sealed  off  (by  the  pilot). 

If  this  were  not  done,  the  pilot  would  not  be  able  to  develop  the 
necessary  pressiu’e  at  great  altlt\ide  for  the  organism  and  he  may  suffer 
fatal  consequences. 


130 


Pig.  215.  Pilot  wear¬ 
ing  space  pre3s;ire 
suit  without  mask,  the 
hoses  of  this  suit 
connected  to  a  con¬ 
solidated  release.  1) 
Consolidated  release; 
2)  hoses;  3}  manual 
switch  for  parachute 
oxygen  unit. 


The  closing  off  of  the  connections  Is 
carried  out  automatically  by  means  of  re¬ 
turn-flow  valves. 

The  air  hoses  of  antigravity  and  ven¬ 
tilated  suits  on  a  land  aircraft  need  not 
be  equipped  with  return-flow  valves.  How¬ 
ever,  If  the  equipment  Is  used  In  combina¬ 
tion  with  water  survival  suits  for  flights 
over  water.  It  Is  obvious  that  the  return- 
flow  valves  In  these  connections  are  neces¬ 
sary  to  prevent  the  entry  of  water. 

The  fast-release  connections  used 
aboard  aircraft  can  be  divided  Into  two 
types: 

1)  connection  sleeves  with  calibrated 
force  (known  simply  as  "sleeves"); 


2)  mechanical  releases  which  are  opened  by  means  of  a  static  line 


fastened  to  the  aircraft. 


Sleeves  are  used  expediently  only  for  those  types  of  equipment 
whose  disruption  of  airtightness  at  great  altitudes  will  not  lead  to 
loss  of  pilot  consciousness.  These  include  the  antigravity  and  Indi¬ 
vidually  ventilated  suits  (If  the  latter  is  used  without  a  hlgh-altl- 
tude  space  pressure  suit). 

Maximum  reliability  Is  required  of  the  oxygen-hose  releases.  Ran¬ 
dom  movements  and  pilot  gestures  In  the  cabin  (for  example,  as  a  re¬ 
sult  of  negative  acceleration)  should  not  cause  the  hoses  to  release 
or  to  disrupt  airtightness.  At  the  same  time,  the  release  must  operate 
simply  arid  rapidly  under  normal  operating  conditions  such  as,  for  ex¬ 
ample,  when  removing  the  seat. 
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For  convenience  In  servicing^  reducing  the  time  required  to  pre¬ 
pare  for  takeoff^  and  slmultaneoua  release  on  ejection  all  connections 
are  passed  through  a  single  unit  known  er  the  so-called  consolidated 
connection  release.  This  same  unit  can  effect  the  automatic  actuation 
of  the  j?arachute  oxygen  unit  on  ejection. 

Consolidated  releases  are  made  to  Incorporate  various  numbers  of 
connections,  depending  on  the  type  of  equipment  with  which  they  are 
being  en?)loyed.  We  should  distinguish  releases  intended  for  upward  or 
downward  ejection  seats,  since  the  direction  of  ejection  makes  It  nec¬ 
essary  to  vary  the  manner  In  which  the  release  Is  connected  to  the 
seat  and  where  It  Is  to  be  positioned. 

Figure  215  shews  a  pilot  In  a  space  pressure  suit  without  a  mask, 
eq[ulpped  with  hoses  connected  to  a  consolidated  release,  as  he  climbs 
Into  the  cockpit  of  his  aircraft  (USAF). 

Operating  Principle  and  Design  of  Consolidated  Releases 

The  release  consists  of  three  basic  parts  (Pig.  2l6);  two  sections 
1  and  3  with  connection  tubes  and  a  middle  frame  2,  these  being  con¬ 
nected  to  one  another  by  means  of  a  mechanical  locking  device  which  Is 
lncori)orated  In  the  release  unit.  !Ihe  middle  portion  of  the  release  Is 
permanently  attached  to  the  seat.  At  the  Instant  of  ejection  the  strap 
attached  to  the  floor  or  some  other  element  of  cabin  structxare  opens 
the  release  and  the  latter  separates  Into  three  parts.  With  this,  sec¬ 
tion  3  (which  we  have  agreed  to  designate  as  the  lower)  together  with 
the  on-board  hoses  and  leads  4,  5#  6,  and  7  connected  to  It  remain  In 
the  aircraft;  the  middle  portion  of  release  2  remains  with  the  seat, 
while  section  1  (the  upper),  connected  by  means  of  hoses  and  the  per¬ 
sonal-equipment  leads,  remains  with  the  pilot. 

The  excess  pressure  In  the  oxygen  system  of  a  0  suit  or  in  a  space 
pressure  suit  after  ejection  Is  ensured  by  means  of  return-flow  valves 
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Installed  In  the  connection  tubes  of  the 
upper  section.  Upon  release  these  valvesj 

i 

are  automatically  closed  by  springs.  The: 
return-flow  valves  of  all  of  the  lines 
(with  the  exception  of  the  Inspiration  line) 
are  provided  with  strong  springs  and  rubber 
pads.  The  connection  tube  of  the  Insplra- 
t Ion-valve  line  has  a  mica  return-flow 
valve  with  an  extremely  weak  spring.  If  the 
oxyge’-,  reserve  from  the  parachute  equipment 

*  1  I 

Is  consumed  during  the  course  of  a  para¬ 
chute  descent,  the  pilot  can  inspire  at¬ 
mospheric  air  through  the  mica  valve. 

The  release  Is  made  so  that  It  makes 
It  possible  to  achieve  separation  not  only 
from  the  static  line,  but  It  also  enables  the  pilot  to  separate  the 

r 

upper  section  by  himself.  This  partial  separation  of  the  release  Is 
employed  by  the  pilot  dxirlng  the  course  of  normal  operations  so  that 
he  can  leave  the  cockpit  of  the  aircraft  together  with  the  parachute. 

The  automatic  actuation  of  the  parachute  oxygen  equipment  on  ejec¬ 
tion  Is  carried  out  by  means  of  a  special  hook  on  the  lower  section. 
This  hcok  connects  to  the  eyelet  of  the  release  cable  for  the  parachute 
oxygen  equipment  Immediately  upon  the  Initial  deflection  of  the  re¬ 
lease  lever,  even  prior  to  the  total  separation  of  the  upper  and  lower 
parts  of  the  release. 

In  other  types  of  designs  in  which  the  pilot,  on  the  ground,  does 
not  leave  the  cockpit  with  the  parachute  and  oxygen  equipment,  the 
cable  release  is  fastened  directly  to  the  lovl’er  section  of  the  release, 
e.g.,  by  means  of  a  belaying  pin  (a  bolt  with  chock  and  hinge). 
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Pig.  216.  Three  basic 
elements  of  a  con¬ 
solidated  connection 
release.  1)  Upper  sec¬ 
tion;  2)  middle  frame; 

3)  on-board  section; 

4)  comnrun lea t Ions 
leads;  5>  6,  7)  air 
and  oxygen  connections. 


the  Consolidated  Release  on  the  Seat 


Wountlng 

Figure  217  shows  two  of  the  most  common  means  of  setting  up  con¬ 
solidated  releases  on  a  seat  and  fastening  the  static  lines  for  the 
release  as  encountered  In  varlotis  foreign  publications.  The  plane  pass- 


Flg.  217.  Versions  of  consolidated  release  Installation  on  seat  and 
attachment  of  static  line  as  function  of  ejection  direction,  a)  Uward 
ejection;  b)  dowiiward  ejection,  1)  Release  for  upward  ejection;  2)  re¬ 
lease  for  downward  ejection;  3  and  4)  static  lines  for  actuation  of 
release. 

Ing  throvigh  the  axes  of  the  release  connection  tubes  must  be  vertical. 
Until  total  separation  of  the  release,  the  release  sections  should  not 
come  Into  contact  with  any  of  the  seat  elements. 

For  tyjward  ejection  (Fig.  217a)  release  1  Is  mounted  on  the  side 
surface  of  the  seat  bucket,  horizontally  or  at  an  angle  of  up  to  20° 
to  the  side  of  the  release.  The  static  line  4  (cable)  for  the  actiia- 
tlon  of  the  release  Is  positioned  vertically  or  deflected  from  the  ver¬ 
tical  by  no  more  than  15®,  forward  or  back,  and  by  no  more  than  5-7° 
toward  the  outside  of  the  cockpit.  The  deflection  of  the  static  line 
toward  the  seat  Is  not  permitted. 

For  downward  ejection  release  2  Is  mounted  vertically,  the  buckle 
at  the  bottom  on  the  side  rear  support  of  the  seat,  to  the  rear  and 
aomeirtiat  above  the  seat  bucket,  as  shown  In  Pig.  217b.  Hie  static  line 
3  la  fastened  to  the  rear  and  above  the  seat.  This  procedure  Is  em- 
plo:^  to  prevent  the  lower  section  (In  the  given  case,  the  rear  sec- 
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tlon)  of  the  release  from  striking  the  pilot  at  the  Instant  of  ejec¬ 
tion  and  release  actuation. 

The  static  force  of  release  actuation  may  reach  40-50  kg.  A  four¬ 
fold  strength  margin  Is  required  of  the  static  line  and  its  attachment 
In  the  cockpit,  l.e.,  these  should  be  designed  for  a  destructive  force 
of  the  order  of  200  kg. 

When  mounting  a  consolidated  release  on  a  new  seat,  the  entire 
system  must  be  checked  by  firing  it  on  a  ground  catapult,  dragging  the 
seat  out  of  the  cockpit,  and  in  flight  tests  with  a  dummy.  When  the 
seat  Is  dragged  out  of  the  cockpit,  it  is  Important  to  check  to  see 
that  the  slack  of  the  hoses  is  greater  than  the  length  of  the  static 
line. 

The  slack  of  the  static  line  is  made  as  small  as  possible,  l.e., 
it  can  exceed  the  range  of  seat-bucket  regulation  with  respect  to 
height  by  no  more  than  20-30  mm. 

In  order  to  prevent  the  upper  section  of  the  release  from  striking 
the  pilot  on  ejection,  it  Is  fastened  by  means  of  a  strap  or  rubber 
bands  to  the  suspension  system  of  the  parachute  or  to  the  backpack  of 
the  latter. 

In  a  number  of  cases,  particularly  when  the  pai'a::nute  is  kept  per¬ 
manently  In  a  container  on  the  back  of  the  seat,  the  consolidated  re¬ 
lease  is  not  convenient  when  the  pilot  is  being  seated  in  the  aircraft 
cockpit.  Therefore,  additional  operational  group  and  individual  re¬ 
leases  are  built  in  for  the  connection  hoses.  In  the  case  of  antlgrav- 
Ity  suits,  sleeves  are  used,  while  the  oxygen  hoses  are  collected  into 
manually  operated  group  releases  holding  2-3  hoses  each. 

The  pilot  uses  these  releases  during  normal  operation.  In  the 
case  of  an  emergency,  however,  at  the  instant  of  ejection,  the  con¬ 
solidated  release  is  actuated  to  release  the  pilot  from  all  connection; 
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Unking  hln  to  the  aircraft. 

512.  COMPARATIVE  EVALUATION  AND  AREA  OP  APPLICATION  FOR  VARIOUS  FORMS 
OP  HIOH-ALTITUDE  EQUIPMENT.  CALCULATION  OP  OXYGEN  RESERVE* 

Comparative  Operational  Evaluation  of  Hlgh-Altltude  Equipment 

An  aircraft  designer  must  make  proper  selection  of  the  hlgh-altl- 
tude,  survival,  and  protective  equlpcwnt  complex  In  accordance  with 
the  flight -engineering  and  operational  characteristics  of  an  aircraft. 
The  flight  and  maintenance  crew  must  have  a  clear  Idea  as  to  the  oper¬ 
ating  principle,  the  potentials,  and  the  limits  of  application  of  any 
given  type  of  equipment  or  apparatus.  A  comparison  of  the  basic  char¬ 
acteristics  of  hlgh-altltude  equipment  (permissible  altitudes  and 
flight  durations)  la  presented  In  Table  23, 

These  data  show  the  time  available  to  a  pilot  In  the  case  of  oabli 
depressvtrlsatlon  at  great  altitudes.  When  using  a  hlgh-altltude  Q  suit 
and  breathing  under  excess  pressure  the  pilot  has  but  a  few  minutes  at 
his  disposal  and  these,  however,  are  sufficient  only  to  descend  to  a 

safe  altitude  of  the  order  of  12,000  m. 

« 

Ihe  permissible  flight  time  at  altitudes  of  10-12  km  when  breath¬ 
ing  pure  oxygen  Is  a  function  of  the  individual  properties  of  the  or¬ 
ganism  and  Its  hlgh-altltude  resistance.  Each  pilot  must  be  aware  of 
his  own  potentials,  these  being  based  on  training  sessions  In  a  pres¬ 
sure  chamber.  However,  It  Is  recranended  that  no  pilot  be  called  upon 
to  spend  more  than  30  minutes  at  an  altitude  of  12,000  niters.  At  an 
altitude  of  11,000  meters,  and  even  more  so  at  10,000  meters,  man  Is 
capable  of  functioning  normally  (when  breathing  pure  oxygen)  for  many 
hours.  If  he  ejq;>erlenoes  no  hlgh-altltude  pain.  For  a  flight  of  unlim¬ 
ited  duration  the  altitude  should  not  be  higher  than  7500  m,  and  this 
can  be  achieved  (In  addition  to  the  use  of  a  pressurized  cabin)  only 
by  using  a  hlgh-altltu(te  pressure  suit.  In  addition  to  altitude.  It  is 
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TABLE  23 

Permissible  Altitude*  and  Duration  of  Plight 
when  Using  Oxygen  and  Hlgh-Altltude  Equipment 


A 

e 

“ci 

B  Tpn  cHipaxeRHfl 

H  annipaTypu 

ilonycTHMaa 

Bucora 

}'  km  I 

BoaMOXHifl 

npojoaacR. 

TeabHocTb 

p.itoaera 

E 

npRMCRaRW 

1 

P 

KMcaopoiHufl  npM0op  c  Hcnpe. 
puBHofl  noaiaeA; 
naCK*  OTKpbiTOro  THna 

8'  ■  10 

0 

ilo  HeCKOJB* 
RHl  RaCOB 

H  Hicxa  c  jonojHMTeabHoA 

eMKOCThw 

n 

2 

I 

KacjiopoaHufl  npHfiop  c  nepHO- 
jtHRCcKoA  nojia<ieft(4ero<iHufl 

HTOMtT) 

12 

Jjlo  30  MMR. 

11 

i 

HecKOJMO 

C  RaCOB 

3 

KuciiopoaHun  npHtepcMsflu- 
jjoRMWM  AasacHHeii 

14—15 

HecKoauco 

^MRRyT 

A 

BucoTHuft  KOMneMCNpyniKMfl 
^  rocTBM: 

MlCKl  C  HaCuTORHUM  XtB- 
JCHHCM 

15-17 

0 

HeCKO.ikKO 

MMRVT 

P  BpeMB  aaBHCRT 

OT  BMCOTU  noaera, 
KBRccTBa  noaroR* 

KM  KOCTBMa,  (pM3H- 
RecKoA  NarpyaKR 
H  MHjNBRjyaaif 
Huz  ocoOeRROcreA 
opraRHSMa 

Q  repweTMiecKHft  inacM  c  ms- 

(SuTOIHlilM  JUBaeMNCM 

.  40+60 

Ot  HecKoafc- 
KHZ  MHHyT 
JO  ojHoro 

'  R  "aca 

5 

BwcothuA  cxa^MHap; 

S  .Bucora*  B  cKa4>aHape 

11  KM 

1 

!  He  orpaMR- 
<teHa 

U 

10-20  Rac. 

IV  npR  ycaoBMR 

1  aantMTW  or  npo* 

1  RHKROBeRHR  OaoHB 

1  M  TcunepaType 

10+25*  C 

W  .BUcora*  B  CKa4iaHap« 

7,5  KM 

X  To  Mt 

He  orpaRR. 
Y  RBRa 

*The  permissible  altitude  for  the  application  of  hlgh-altltude 
equipment  should  be  determined  on  the  basis  of  the  possible  rarefac¬ 
tion  In  the  cabin,  and  this  depends  on  the  shape  of  the  fuselage  and 
canopy  and  may  amount  to  of  the  total  ram  pressure  max* 

For  example,  let  the  rarefaction  In  the  cabin  be  equal  to  25^ 
%iax  max*  Indicated  flight  velocity  =  1000  km/hr  at  an 

altitude  of  10,000  meters. 

For  this  case  (without  correction  for  compressibility) 

0.125/1000\J 

f MIX  lux  —  2  (36/*  Icg/m  t 
the  rarefaction  In  the  cabin 


. - ^  = 1230  mm  water  column  (88  mm  Hg) 

and,  consequently,  the  absolute  pressiire  In  the  cabin  at  an  altitude 
of  10,000  meters  Is  (Pgjjg  =  196  mm  Hg) 

p,.6 -i9e-«-iio  mm  Hg, 

which  corresponds  to  an  altitude  of  13,700  meters;  l.e.,  the  "altitude" 
In  the  cabin  at  3700  m  exceeds  the  flight  altitude. 

(Continued  on  next  page) 
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It  should  be  borne  In  mind  that  such  an  elementary  calculation 
Mthod  Is  permissible  for  comparatively  low  altitudes,  since  there  Is 
no  consideration  of  a  correction  factor  for  the  low  static  pressure. 

A)  Item  No.;  B)  type  of  equipment  ar^  apparatus;  C)  permissible  altl> 
tude.  In  ka;  B)  potential  flight  dtiratlon;  note;  F)  oxygen  equlp- 
isent  with  continuous  feed,  open  type  mask;  Q)  up  to  several  hours;  H) 
Biask  with  additional  apace;  I)  oxygen  equipment  with  periodic  feed 
(automatic  lung);  J)  up  to  30  minutes;  K)  several  hours;  L)  oxygen 
equipment  with  excess  pressure;  M)  several  minutes;  N)  hlgh-altltude  0 
suit,  mask  with  excess  pressure;  o)  several  minutes;  P)  time  is  a  func¬ 
tion  of  flight  altitude,  quality  of  suit  fit,  physical  stress,  and  In- 
dlvldtal  features  of  organism;  Q)  airtight  helmet  with  excess  pressure; 
R)  from  several  minutes  to  a  single  hour;  S)  hlgh-altltude  space  pres- 
siire  suit,  "altitude"  in  space  pressure  suit  11  km;  T)  unlimited;  U) 
10-20  hours;  V)  provided  there  is  protection  against  penetration  of 
ozone  and  a  temperature  of  iO-250C;  W)  "altitude"  in  space  pressure 
suit,  7.5  km;  Xj  the  same;  Y)  unlimited. 


also  necessa 


'T 


to  provide  man  with  corresponding  temperature  conditions 


within  the  aircraft  cabin  or  to  set  up  microclimatic  conditions  by 


Bieana  of  ventilated  or  thermally  insulated  clothing. 


The  protective  properties  of  the  various  pieces  of  equipment  with 
respect  to  ram  pressure  were  presented  in  Table  22.  The  space  pressxire 
suit  eoeqpletely  protects  man  at  flight  velocities  (referred  to  standard 
ground  conditions)  of  1200-1300  kn/hr  and  Is  superior  In  this  regard 
to  ail  other  forms  of  lndlvld^aal  clothing. 


ProbleBi8,of  operational  ease  are  of  great  significance  for  the 
flight  crew,  it  13  for  this  reason  that  the  opinions  ejqjressed  by 
pilots  operating  In  various  types  of  flight  clothing  are  of  such  great 
Interest. 

Navy  combat  pilots  have  provided  the  following  conq^arative  evalua¬ 
tion  of  the  hlgh-altltude  0  suit  and  a  space  pressxire  suit,  l.e.,  the 
hlghMiltltude  0  suit  [VKK]  Is  more  comfortable  than  the  space  pressxire 
suit  when  there  Is  no  pressure  in  the  tensioning  chambers,  but  on  the 
other  hand  the  space  pressure  suit  is  more  comfortable  and  provides 
greater  mobility  and  vision  when  Inflated.  Since  accidents  Involving 
pressurized  cockpits  are  rare  occurrences,  many  pilots  prefer  to  use 
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G  suits. 


From  the  standpoint  of  service  and  operation,  an  Individual  VKK 
[hlgh-altltude  0  suit]  Is  simpler  than  a  space  pressure  suit.  Only  an 
on-board  oxygen  system  Is  required  for  the  VKK  [hlgh-altltude  G  suit]. 
The  space  pressure  suit.  In  addition  to  the  oxygen  supply,  requires 
on-board  and  ground  Installations  for  air  conditioning.  However,  if  it 
becomes  necessary  to  use  a  VKK  In  combination  with  a  water  survival  or 
ventilated  suit,  the  grovind  and  on-board  equipment  will  be  the  sane  as 
when  using  a  apace  pressure  suit.  Therefore,  If  It  is  necessary  to  pro¬ 
tect  a  pilot  imder  conditions  both  of  prolonged  hlgh-altltude  flight 
and  In  the  case  of  an  emergency  over  cold  water,  the  over-all  prefer¬ 
ence  will  fall  to  the  space  pressure  suit. 

Having  compared  the  various  types  of  space  pressure  suits,  foreign 
specialists  point  out  that  In  teims  of  minimum  oxygen  flow  rate  first 
place  Is  held  by  the  regeneration  space  pressure  suit;  after  this 
piece  of  equipment  there  follows  the  ventilated  space  pressure  suit 
with  a  mask,  and  In  last  position  we  find  the  ventilation-type  space 
pressure  suit  which  does  not  require  the  use  of  a  mask.  With  regard  to 
resistance  to  breathing,  the  space  pressure  suit  with  mask  moves  to 
last  position,  but  assumes  first  rank  In  terms  of  minimum  carbon- 
dioxide  content  In  the  expired  air. 

Ventilation  space  pressure  suits  for  altitudes  above  18,000  meters 
In  the  opinion  of  foreign  specialists,  must  be  provided  with  Independ¬ 
ent  Inflation  above  this  altitude  from  a  tank,  since  the  entry  of 
ozone  Into  the  space  pressure  suit  from  the  atmospheric  air  is  pos¬ 
sible.  Prom  the  standpoint  of  protection  against  ozone  and  the  preven¬ 
tion  of  hlgh-altltude  pains,  it  Is  held  expedient  to  supply  pure  oxy¬ 
gen  from  the  gro’ond  up  to  the  helmet  of  a  space  pressure  suit  which 
uses  no  mask.  In  this  connection  the  regeneration  space  pressure  suit 
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exhibits  an  advantage,  and  namely.  Its  supply  and  regeneration  system 
Is  ooBipletely  autonomous  and  Insulated  from  the  ambient  medium. 

From  the  operational  standpoint  the  ventilated  space  pressure 
suits  are  considered  to  be  simpler  than  the  regeneration  suits.  For 
the  latter  It  Is  necessary  to  change  the  regeneration  cartridges  and, 
consequently,  to  provide  for  regular  supplies  of  appropriate  chemicals 
at  airfields. 

Die  space  pressure  suits  which  require  no  masks  are  given  prefer¬ 
ence  for  prolonged  flights  (the  mask  encloses  the  face  and  proves 
bothersome).  Moreover,  In  these  space  pressure  suits  there  Is  no  cause 
to  fear  vomiting.  It  la  recommended  that  these  suits  be  used  If  there 
la  a  possibility  that  the  pilot  may  be  turned  around  during  the  course 
of  a  parachute  descent  or  If  he  should  experience  the  rocking  motion 
of  waves  In  the  case  of  ditching  In  water.  However,  the  mask  space 
pressure  suit  provides  for  relatively  greater  safety  In  case  of  helmet 
damage  or  disruption  of  Its  airtightness. 

It  Is  thought  that  apace  pressure  suits,  as  well  as  the  airtight 
helmets  of  hlgh-altltude  0  suits  [VXK]  may,  with  some  minor  modifica¬ 
tions,  be  used  as  protection  against  gas  [gasmasks]. 

Determination  of  Oxygen  Reserve 

Die  over-all  weight  of  the  hlgh-altltude  equipment  depends  In 
great  measure  on  the  oxygen  flow  rate  required  to  supply  the  members  • 
of  the  crew  and  this  flow  rate  also  governs  the  oxygen  reserve  carried 
aboard  the  aircraft. 

Aboard  the  aircraft  oxygen  Is  stored  either  In  a  compressed  state 
In  tanks  or  in  liquid  form  In  special  containers  -  gasifiers  -  repre¬ 
senting  a  type  of  Dswar  jar  with  additional  devices  for  evaporation  of 
the  ojqrgen  and  the  supply  of  the  oxygen  at  the  required  pressui>e. 

There  are  oxygen  tanks  with  an  operating  pressure  of  130  and  30 


ato.  Occasionally,  spherical  oxygen  tanks  of  great  capacity  with  a 
pressure  of  110  atm  are  used.  In  the  gasifiers  the  operating  oxygen 

p 

pressure  Is  kept  at  about  10  kg/cm  . 

The  mean  relative  weight  of  these  oxygen  sources  (without  con¬ 
sideration  of  the  actual  weight  of  the  oxygen),  referred  to  a  single 
cubic  meter  of  oxygen  under  ground  conditions,  amounts  to 

for  tanks  at  I50  and  30  atm .  8.2  kg/m^ 

for  spherical  tanks  at  110  atm .  5  " 

for  gasifiers . . .  2  " 

This  average  weight  Increases  somewhat  for  vessels  of  low  capac¬ 
ity  and,  conversely,  diminishes  as  the  capacity  of  the  tanks  Is  In¬ 
creased. 

The  specific  weight  of  the  oxygen  (at  a  pressure  of  760  mm  Hg  and 
a  temperature  of  15°C)  Is  equal  to  1.35^  kg/m^.  One  kilogram  of  liquid 
oxygen  occupies  a  volume  of  0.876  liter  and  on  evaporation  yields  736 
liters  of  gas,  referred  to  the  Indicated  ground  conditions.  In  various 
coxintrles  liquid-oxygen  gasifiers  for  5,  15>  and  30  kg  are  produced. 

Ihe  oxygen  flow  rates  for  various  types  of  oxygen  equipment,  0 
suits,  and  space  pressure  suits  have  been  Indicated  above. 

Figure  218  shows  the  oxygen  flow  rate  as  a  function  of  flight  al¬ 
titude  for  the  basic  types  of  high-altltude  equipment.  For  units  with 
periodic  feed  the  mean  lung  ventilation  equal  to  15  liters  per  minute 
has  been  taken.  In  the  case  of  space  pressure  suits  It  Is  the  general 
practice  to  assume  that  the  helmet  Is  sealed  airtight  from  the  ground 
up. 

The  cxirves  have  been  constructed  for  altitudes  below  I6  km;  how¬ 
ever,  It  should  be  borne  In  mind  that  at  altitudes  above  12  km  a  con¬ 
stant  absolute  pressure  la  maintained  In  airtight  helmets  and  apace 
pressure  suits,  and  for  this  reason  the  oxygen  flow  rate  remains  con¬ 
stant.  The  data  In  Fig.  218  may  be  used  to  determine  the  required  oxy- 
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gen  reserve 


Fig.  218.  Oxygen  flow 
rate  as  a  function  of 
"altitude”  in  cabin  when 
using  basic  types  of  high 
altitude  and  oxygen  equip 
Mnt.  A)  Hlgh-altltude  0 
suit;  b)  ventllatlon-type 
space  pressure  suit  wlth> 
out  Msk;  C)  ventilation- 
type  space  pressure  suit 
with  Bask  (helmet  air¬ 
tight);  O)  oxygen  equlp- 
Mcnt  with  continuous  feed 
and  Msk  with  additional 
container.  1)  Oxygen  flow 
rate.  In  standard  liters 
per  Blnute;  2}  altitude. 
In  Im. 

-  A;  -  B;  -  C; 

.  D. 


The  ojqrgen  reserve  required  for  a 
single  crew  member  is  a  function,  in  ad¬ 
dition  to  the  characteristics  of  the 
unit,  of  the  duration  and  altitude  of 
flight  (considering  the  supply  of  air  in 
the  aircraft,  flight  duration  may  be 
substantial). 

The  quantity  of  oxygen  re¬ 

quired  for  the  flight  In  the  general 
case  consists  of  the  sum  of  several 
terms,  and  namely: 

1)  Oq  Is  the  oxygen  flow  rate  at 
the  ground  during  taxiing  and  anticipa¬ 
tion  of  takeoff  (this  term  is  taken  into 
consideration  only  in  the  case  of 
fighter  aircraft); 

2)  Qjjgjij  is  the  oxygen  flow  rate 
during  climb; 

3)  Clgor  oxygen  flow  rate 


during  horizontal  fli^t  in  presstirized  cabin; 


4)  la  the  same,  in  a  depressurized  cabin; 

5)  Ogp  Is  the  oxygen  flow  rate  during  aircraft  descent. 

The  time  of  flight  in  a  depressurized  cabin  msy  vary  from  10  min¬ 


utes  for  single-seat  aircraft  to  30^  of  the  total  flight  duration  In 


the  ease  of  anxltiseat  aircraft, 

nms 


(310) 

For  hlgh-altltude  transport  aircraft  the  required  quantity  of  oxy- 
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gen  generally  consists  of  the  last  two  terms  (this  does  not  pertain  to 
the  determination  of  the  oxygen  reserve  for  pilots,  since  the  pilot 
controlling  the  aircraft  Is  compelled  for  the  sake  of  crew  safety  con¬ 
tinuously  to  use  the  oxygen  equipment). 

The  magnitude  of  each  term  Is  computed  Individually  as  a  function 
of  the  duration  of  a  given  regime  and  the  oxygen  flow-rate  norms. 

For  climbing  and  descent  regimes  the  oxygen  flow  rate  Is  defined 
by  the  following  formulas: 


0^4  = 


2 


(311) 


where  and  q„  represent  the  oxygen  flow  rates,  respectively,  at 
“l  "2 

altitudes  and  H^,  In  standard  liters  per  minute  (l.e.,  referred  to 
a  pressure  of  7dO  mm  Hg  and  a  temperature  of  +15°C);  time 

required  for  the  aircraft  to  climb  from  an  altitude  to  the  altitude 
H2,  In  minutesj  ’'^2-1  time  required  for  the  aircraft  to  descend 

from  altitude  Hg  to  the  altitude  H^. 

For  aircraft  with  a  low  rate  of  climb  and  limited  flight  duration 
a  more  exact  calculation  la  achieved  If  the  altitude  Intervals  are  set 
at  2000  meters. 

It  should  be  borne  In  mind  that  when  using  hlgh-altltude  G  suits 
the  oxygen  flow  rate  varies  significantly  between  pressurized  and  de¬ 
pressurized  cabins  [cockpits]  (see  Fig.  2l8).  In  the  event  that  the 
alrtlghtneas  of  a  cabin  Is  disrupted  at  great  altitudes,  the  mean  oxy¬ 
gen  flow  rate  Increases  suddenly  from  4.5  standard  liters  per  minute 
to  15-20  standard  liters  per  minute.  As  the  aircraft  descends,  because 
of  the  lag  in  the  diaphragm  mechanisms  of  the  oxygen  unit,  this  flow 
rate  may  be  retained  to  an  altitude  of  8  km. 

The  required  water  capacity  of  the  tanka  la  determined  from 
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th«  following  expression 

/b  liters,  (312) 

2 

where  is  the  maximum  oxygen  pressure  in  the  tank,  in  kg/cm  ; 

p^  min  minimum  preasvire  which  determines  the  oxygen  reserve  in 

the  tank  which  was  not  included  In  the  consideration  (for  the  case  of 
a  drop  in  pressure  with  a  change  in  temperature,  to  check  the  unit  be¬ 
fore  takeoff,  etc.);  Pq  ~  ^  pressure  at  sea  level,  to  which  we 

have  referred  the  oxygen  flow  rate  OpQ^» 

The  quantity  p^  is  assumed  to  be  equal  to  15-205^  of  the  max¬ 
imum  pressure  in  the  tanks. 

When  liquid  oxygen  is  used  aboard  an  aircraft,  the  required  capac¬ 
ity  of  the  gasifier  is  deteamiined  frcmi  the  following  formula: 

Here  73^  refers  to  the  quantity  of  liters  of  gaseous  oxygen  which 
at  a  pressure  of  760  mm  Hg  and  15°  is  produced  on  the  evaporation  of 
1  Vg  of  liquid  oxygen;  O^euch  remainder,  not  considered,  at 

which  the  pressure  in  the  gasifier  begins  to  drop.  This  quantity  is 
takrnn  from  the  specifications  for  the  gasifier.  On  the  average,  it 
amounts  to  7-lOJ^  of  the  liquid-oxygen  reserve;  qp^^  is  the  evaporation 
loss  in  kg/hr  (these  losses  for  various  gasifiers  range  from  0.03-0.13 
kg/^);  T  is  the  time  from  the  instant  of  gasifier  charging  to  aircraft 
takBoff  (this  time  is  assumed  to  range  from  24  to  48  hours);  K  is  the 
safety  factor,  e.g. ,  in  case  a  portion  of  the  gasifiers  break  down;  n 
is  the  number  of  members  in  the  crew;  z  is  the  number  of  gasifiers. 

'In  the  case  of  multiseat  aircraft,  the  quantity  K  is  assumed  to 
be  equal  to  2;  in  the  case  of  single -seat  aircraft  the  gasifiers  are 
not  duplicated,  since  it  is  felt  that  an  emergency  oxygen  reserve  is 
available  from  the  parachute  oxygen  equipment. 
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Example  1.  Determine  the  required  oxygen  reserve  for  a  single- 
seat  aircraft  for  an  over-all  flight  duration  of  45  minutes  for  two 
types  of  hlgh-altltude  equipment,  l.e.,  a  space  pressure  suit  with  a 
mask  and  a  G  sui+-. 

The  duration  of  the  Individual  flight  regimes  Is  Indicated  In 
Table  24. 

TABLE  24 


Determination  of  Required  Oxygen  Reserve  for 
Single-Seat  Aircraft 


A 

B 

„  c 

npojoj- 

j  J)Pacxoji  xHCjiopoaa 

E  CKa4)aHap 

!  F  bkk 

no 

nop. 

PCNCMM  nOJCTi 

HOCTb 

peiKMMJ 

1  MMM. 

1 

!  CpejHHA 
j  pacxoa 

1  M  llMUM 

Pacxoa 

3a 

pc^KMMa 

, 

Cp^nmA 

pacxoa 

HJt/MUH 

1 

Pacxoa 
•a  Bp«Mi 
pencHMa 

H 

1 

Py^eiKKi  1 

6 

15 

90 

1.6 

9,6 

2 

H«0op  BMCOTW  J 

5 

10 

50 

3.5 

17.5 

3 

PopMBOHTl.IbHUA  nOJ«T 
■  3arepMeTM3HpoMR< 
HOA  KaOHHC 

KM)  K 

20 

5.5 

110 

4.5 

90 

4 

1  ropM30HTajlbMMA  nOJNT 

■  pa3repM«rM3Mpo. 
Xj  alHHOA  KjdNHt 

■  MCOTii  0oje«  12  000  M 

10 

1 

4 

40 

19 

190 

5 

CHH)KCItHe  C  OOTOIRa 
io  8000  mM 

2 

4,75 

9.5 

19 

1 

38 

6 

CHHxteHMe  c  8  to  3  km 
N 

1.5 

7.5 

11,3 

3.5 

5.3 

0  Bcero; 

45 

— 

410,8 

— 

410.4 

A)  Item  No.;  B)  flight  regime;  C)  duration  of  regime.  In  minutes;  D) 
oxygen  flow  rate;  E)  space  pressure  suit;  F)  VKK  [hlgh-altltude  G 
suit];  G)  average  flow  rate.  In  standard  liters  per  minute;  H)  flow 
rate  during  the  regime.  In  standard  liters;  I)  taxiing;  J)  climbing; 

K)  horizontal  flight  In  pressurized  cabin  (Hj^^  =  8  km);  L)  horizontal 

flight  In  depressurized  cabin  at  altitudes  In  excess  of  12,000  m;  M) 
descent  from  celling  to  8000  meters;  N)  descent  from  8  to  5  km;  0) 
total. 


Solution.  The  norms  for  the  oxygen  flow  rate  are  taken  from  the 
curves  presented  In  Pig.  2l8.  The  average  oxygen  flow  rate  for  the 
climbing  and  descent  regimes  are  determined  on  the  basis  of  Formulas 
(311).  The  derived  results  are  noted  In  the  corresponding  columns  of 
Table  24.  Multiplying  the  average  flow  rate  by  the  time  of  the  corres- 
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ponding  regime 4  we  obtain  the  ojqrgen  flow  rate  during  the  oouree  of 
the  given  flight  regime.  These  resxilts  are  also  recorded  In  the  oor> 
responding  columns. 

Sunning  the  flow  rates,  we  define  the  total  quantity  of  oxygen 
'Squired  for  the  execution  of  the  flight.  For  our  exanqple  this  quan¬ 
tity  proved  to  be  Identical  for  a  apace  pressure  suit  and  a  hlgh-altl- 
ude  0  suit,  and  was  equal  to  *411  atandard  liters  per  minute  (at  a 
ressure  of  760  mm  Hg  and  t  «  15®C).* 

The  required  tank  capacity  is  determined  from  Formula  (312) 

Since  tanka  with  a  capacity  of  3»5  liters  (or  I.5  liters)  are  not 
ilng  produced.  It  becomes  necessary  to  take  a  tank  with  a  capacity  of 
liters  having  an  operating  pressure  of  150  atm. 

Example  2.  Determine  the  required  oxygen  reserve  for  a  three -seat 
rcraft  and  a  flight  duration  of  10  hoxirs  for  two  types  of  space 
essxu'e  suits,  l.e.,  ventllatlon-type  space  pz'essure  suits  with  and 
thout  masks. 

Oiven:  the  "altitude”  In  the  pressurized  cabin  for  the  horizontal 
Ight  regime  Is  equal  to  60OO  meters.  The  flight  time  In  the  deprea- 
::'lzed  cabin  may  amount  to  50?^  of  the  total  flight  chiratlon.  The  oxy- 
1  2^ serve  Is  taken  In  liquid  form  in  the  gasifiers. 

Solution.  The  oxygen  flow-rate  norma  are  taken  from  the  curves  in 
;.  218.  For  a  multiseat  aircraft  we  can  limit  ourselves  to  the  basic 
oratlcal  case,  l.e.,  the  horizontal  flight  z'eglme. 

For  a  space  pressure  suit  with  a  mask  the  theoretical  case  corres- 
Is  to  a  flight  In  a  pressurized  cabin  (7  standard  liters  per  minute 
in  altitude  of  6000  meters): 

liters  per  1  man. 
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For  the  case  of  a  space  pressure  suit  without  a  mask  In  which  the 
oxygen  flow  rate  Increases  with  Increasing  flight  altitude  la 

defined  as  the  stun  of  the  oxygen  flow  rates  during  flight  In  a  pres¬ 
surized  (9  standard  liters  per  minute)  and  a  depressurized  cabin  (12 
standard  liters  per  minute); 

5  +  12-60  s- 6300  liters  per  1  man. 

The  required  liquid-oxygen  gasifier  capacity  Is  defined  according 
to  Formula  (313)  =  6300  standard  liters  per  minute.  Let  us 

assume  that  the  losses  In  a  gasifier  due  to  spontaneous  evaporation 
amount  to  0.08  kg/hr;  the  charging  of  the  tanks  Is  carried  out  48  hours 
prior  to  takeoff;  the  liquid-oxygen  remainder  that  has  not  been  taken 
Into  consideration  la  equal  to  I.5  kg  and  the  containers  are  duplicated 
(the  coefficient  K  =  2).  The  required  capacity  of  a  single  gasifier 
for  a  total  number  of  gasifiers  z  =  2: 

When  the  number  of  gasifiers  Is  increased  to  4,  the  required 
capacity  of  a  single  gasifier  amounts  to  18. 7  kg  of  liquid  oxygen. 
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Compiled  on  the  basis  of  the  following  materials: 

0.  Armatrongf  Avlatslonnaya  medltslna,  XL  [Aviation  Medicine, 
Foreign  Llteratiire  Press],  1947. 

Oeratevol',  PalWiologlya  cheloveka  v  polete  [Ihe  Psychology 
of  Man  In  Flight],  IL,  1956. 

Flzlologlya  1  glglyena  vysotnogo  poleta,  Blomedglz  [The 
Physiology  and  Hygiene  of  Hlgh-Alt Itude  Flight,  Biomedical 
Press],  1938. 

Voprosy  avlatalonnoy  medltslny  [Problems  of  Aviation  Medi¬ 
cine],  IL,  1954. 

Zn  the  specialized  literature  this  form  of  anoxia  [oxygen 
starvation]  la  known  as  hypoxia. 

The  reserve  time  Is  determined  experimentally,  l.e.,  from 
the  instant  at  which  the  oxygen  supply  Is  cut  off  (or  from 
the  Instant  of  a  rapid  ascent  to  a  given  altitude)  to  the 
Initial  manifestation  of  an  Inability  to  function  properly, 
this  being  ejqpressed  by  distortion  of  handwriting. 

The  term  decompression  tissue  emphysema  la  also  used. 

After  the  data  of  Regener  -  S.K.  Mltra,  Verkhnyaya  atmosfera 
[The  Upper  Atmosphere],  IL,  1955.  The  thickness  of  the  ozone 
layer,  at  this  altitude  contained  in  an  air  layer  1  km  thick, 
has  been  referred  to  normal  conditions. 

A.H.  Schwlchtenberg,  Is  It  Working?  Plying  Safety,  Vol.  11, 
1955,  No.  3,  pages  12-13. 

Flying,  Vol.  6l,  1957,  No.  1,  pages  31,  84-89. 

On  the  basis  of  Information  In  the  "Aviation  Week"  Issue  of 
24  December  1955,  the  record  ascent  In  a  pressvire  chiamber  to 
an  altitude  of  60,000  m  by  Major  A.  Bek  of  the  Aerospace 
Medical  Laboratory  was  carried  out  In  the  USA,  the  Major 
wearing  an  MS-4  O-sult.  The  limiting  flight  altitude  In  a  0 
suit  depends  on  a  variety  of  factors  including  flight  dura¬ 
tion,  the  operational  refinement  of  the  suit,  the  physical 
and  emotional  state  of  the  pilot,  the  amount  of  rest  and  the 
level  of  food  Intake  prior  to  the  ascent,  etc. 

Aviation  Magazine,  1  February  i960.  No.  292. 

Flight  1956,  June  22. 

Flight  1957,  September  6. 

Flying  Safety,  March  1957. 

Interavla,  Vol.  12,  1957,  No.  7,  page  688. 

Aviation  Medicine,  Vol.  30,  April  1959,  No.  4. 

Naval  Aviation  News,  August  1938. 

Aviation  Week,  June  22,  1959. 
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[Footnotes  (Continued)] 

"Aviation  Medicine,"  Vol.  30,  1959,  No.  4. 

See  the  first  footnote  on  page  93  and  [29],  [30]. 


95  In  a  number  of  cases  (for  example,  in  the  American  X-15  air¬ 

craft)  body  ventilation  la  carried  out  with  nitrogen  which 
is  available  on-board  the  aircraft  in  liquid  form  and  is 
used  to  cool  the  electronic  equipment,  the  nose  portion  of 
the  fuselage,  etc. 

101*  Missiles  and  Rockets,  November  l6,  1959. 

Proceedings  of  the  American  Astronautlcal  Society,  1958* 

101**  Aviation  Week,  June  22,  1959. 

Missiles  and  Rockets,  November  l6,  1959. 

106  Development  History  of  the  Aviator's  Pull  Pressure  Suit  in 

the  U.S.  Navy,  "Aviation  Medicine,"  Vol.  30,  1959,  No.  4. 

109  Naval  Aviation  News,  August,  1958. 

110  For  the  derivation  of  Formula  (307)  see  L. T.  Bykov,  M. S. 
Yegorov,  P.V.  Tarasov,  Vysotnoye  oborudovanlye  samoletov, 
Oboronglz  [High-Altitude  Aircraft  Equipment,  State  Defense 
Industry  Press],  1958. 

Il4*  A.  Barton  and  0.  Edkholm,  Chelovek  v  uslovlyakh  kholoda  [Man 
under  Conditions  of  Cold],  IL,  1957. 

Il4**  N. K.  Vltte,  Teplovoy  obmen  cheloveka  1  yego  glglyenicheskoye 
znacheniye.  Medgiz  USSR  [Heat  Transfer  in  Man  and  its  Hy¬ 
gienic  Significance.  Medical  Press  of  the  UkrSSR],  Kiev,  1958. 

120  USA  Pull  Pressure  Space  Suit  is  Light;  Permits  Free  Movement, 
Aviation  Week,  Vol.  67,  1957,  No.  23,  page  29,  Ill.  1. 

121  "Aviation  Medicine,"  Vol.  26,  1955,  No.  1,  page  5660. 

125  Naval  Aviation  News,  March,  i960. 

Aerospace  Medicine,  April,  i960. 

130  Aboard  American  aircraft  carriers  the  pilot  ready  rooms  are 

equipped  with  similar  devices. 

132*  In  addition  it  should  be  pointed  out  that  on  19-20  August 

1957,  in  the  USA,  David  Simons  [sic],  a  major  in  the  Medical 
Corp. ,  completed  a  32-hour  flight  in  an  airtight  gondola  of 
a  balloon  to  an  altitude  of  21-30  Ion.  No  information  as  to 
harmful  biological  effects  of  radiation  has  been  published. 

132**  T.  Charles  Helvey,  Radiation  Protective  Suiting,  Air  Force, 
Vol.  4l,  1958,  No.  12. 
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136  See  the  footnote  on  page  120. 

l4l  "Voprosy  avlatslonnoy  nedltalny/'  Collection  of  translations, 

IL,  1954. 

130  N.K.  Pyneyev,  Deystvlya  eklpazha  samoleta,  vynuzhdenno  popav- 
shego  V  bezlyudnuyu  meatnost*,  Voyenlzdat  [Actions  of  Air¬ 
craft  Crew  Forced  to  Abandon  Their  Aircraft  In  an  Uninhab¬ 
ited  Area,  Military  Press],  1957. 

156  NOval  Aviation  News,  195Sj  August. 

166  If  the  space  pressure  suit  Is  not  sealed  airtight  at  the 

ground  but,  for  example,  at  an  altitude  of  4  Icm,  the  required 
oxygen  reserve  for  the  space  pressure  suit  would  be  smaller 
by  a  factor  of  25^  than  In  the  case  of  a  Q  suit. 
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[Transliterated  Symbols] 

K  =i  k  =  kablna  »  cockpit 
B  as  V  e:  vozdukh  sa  E It 

/I  »  1  =  legochnaya  [  vent  Ilya  tslya  ]  =  lung  [ventilation] 

riKTI  *  PKP  =  parashyutnyye  klslorodnyye  prlbory  =  parachute 

oxygen  equipment 

BKK  =  VKK  =  vysotnyye  kompenslruyushchlye  kostyumy  =  hlgh- 

altltude  G  suits 

K  ==  k  =  kamera  =  chamber 

B  a=  V  =  ventllyatslya  =  ventilation 

non  as  dop  =  dopustlmoye  =  permissible 

n  as  p  =  podavayemyy  [gaz]  =  supplied  [gas] 

n  as  1  =r  [original  not  Identified]  =  human  exhalation  of 

carbon  dioxide 

a  =  a  =  absolyutnaya  =  absolute 

Kad  =  kab  sa  kablna  =  cockpit 

noxp  as  potr  =  potrebnoye  =  required 

Had  sa  nab  =  nabor  =  climb 

rop  =  ,-5or  =  gorlzontal ’nyy  =  horizontal 

TK  =  gk  =  germetlzlrovannaya  kablna  =  pressurized  cabin 

H  =  n  =  normal ’noye  =a  normal 

cn  aa  sp  as  spusk  =  desccnt 

(5  as  b  =  ballon  =  tank 

raa  =  gaz  =s  gaz  =  gas 

Heyn  =  neuch  =  neuchltyvayemyy  =  not  considered 
noT  =  pot  =  poterl  =  losses 
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Chapter  10 

TBSTINO  (»  SURVIVAL  AND  RESCUE  EQUIiMENT* 

$1.  GENERAL  REMAR1C3 

Ihe  detemlnlng  azxl  most  oonvlnclng  type  of  Integrated  test  of 
reaotie  and  survival  facilities  Is  the  flight  test.  It  Is  only  In  ac- 

all  con- 
ht  testa 

I 

are  i^latlvely  expensive  meastires,  particularly  If  ire  take  Into  con- 
sldai^tlon  the  expenses  associated  with  the  construction  of  flying 

testbeds. 

Seats  In  multlseat  aircraft  can  to  scane  extent  be  tested  In  the 
actual  aircraft  for  which  they  are  intended,  or  In  some  similar  air¬ 
craft.  Ihe  testing  of  seats  for  single-seat  aircraft  calls  fop  the 
construction  of  a  special  aircraft,  l.e.,  a  "flying  laboratory." 

To  ensure  the  operational  reliability  of  rescue  equipment,  as 
well  as  to  provide  for  the  safety  of  the  flight  personnel  In^a  "flying 
laboratory"  It  la  necessary  for  a  thorough  study  of  the  test  subject 
to  bb  undertaloBn  prior  to  the  flight  test.  Therefore,  before  a  seat  Is 
tumbd  over  for  flight  tests  It  must  be  subjected  to  a  large  and  ccm- 
plex  series  of  ground  studies.  The  general  sequence  of  these  tests  Is 
the  following: 

1.  "yunctlonal"  tests.  It  la  the  purpose  of  these  tests  to  check 
the  functioning  of  all  asseablles  or.  In  other  words,  to  check  the  op¬ 
eration  of  all  seat  units  and  of  the  hlgh-altlt\ide  equlpicent  which 

f 

must  be  operational  in  an  aircraft  cabin  [cockpit]  during  flight  and 
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txial  flight  that  It  becomes  possible  to  reproduce  completely, 
dltlens  of  emergency  evacuation  of  an  aircraft.  However,  flj 


in  the  event  of  an  emergency  to  the  Instant  of  firing -mechanism  actua¬ 
tion.  Similar  tests  are  carried  out  under  conventional  conditions,  and 
In  the  presence  of  vibration  and  a  range  of  temperatures  and  pressures 
corresponding  to  the,  operating  conditions  for  the  seat. 

2.  Strength  testa.  Static  tests  In  no  way  differ  from  static  teats 
for  any  assembly,  but  In  the  case  of  a  seat  and  hlgh-altltude  equip¬ 
ment  there  Is  also  the  action  of  dynamic  load  (with  the  extension  of 
stabilizing  panels  and  parachutes,  on  firing  of  cannons,  the  ejection 
of  parachutes,  upon  entry  of  the  seat  Into  the  alrstream,  etc.).  To 
reproduce  these  stresses  In  the  laboratory,  special  Installations  are 
required. 

3.  Checking  of  seat  efficiency  during  the  process  of  seat  ejection 
from  the  cabin  [cocl^lt].  These  tests  are  conducted  on  the  so-called 
vertical  catapult  (see  Fig.  11  and  Fig.  225).  The  vertical  catapult  la 
a  slightly  Inclined  girder  25  and  more  meters  long  along  which  guide 
rails  have  been  lal-*  downj  these  guide  rails  are  a  continuation  of  the 
rails  found  In  the  cabin  [cockpit].  After  the  actuation  of  the  firing 
mechanism  the  seat  slides  along  these  guide  rails,  and  the  braking  Is 
achieved  throxogh  the  force  of  gravity  and  by  means  of  a  special  brak¬ 
ing  mechanism.  On  this  catapult  it  Is  possible  to  reproduce  all  proc¬ 
esses  taking  place  prior  to  the  Instant  that  the  seat  enters  the  alr¬ 
stream. 

4.  Checking  the  effect  of  the  alrstream.  The  purpose  of  these 
tests  Is  to  check  the  efficiency  of  all  assemblies  protecting  the  In¬ 
dividual  against  ram  pressure  (protective  clothing,  arm  and  leg  re- 
stralners,  rigid  protection,  etc.).  Simultaneously  with  these  tests, 
the  strength  of  the  seat  Is  also  tested  (In  first  place,  the  strength 
of  the  minor  units  for  which  It  Is  impossible  to  calculate  the  stresses 
to  which  they  are  subjected),  and  the  operation  of  the  releases  under 
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Conditions  of  sero<33manlc  load.  These  tests  are  carried  out  in  wind 
tnnmls.  If  these  tests  are  carried  out  In  tunnels  with  a  closed  test 
saotdon,  a  fast-acting  valve  is  installed  in  front  of  the  seat  to  sim¬ 
ulate  the  aerodynamic  shock  which  Is  experienced  as  the  seat  enters 
the  alrstream.  IXirlng  the  conduct  of  such  tests  in  wind  timnels  with 
an  open  test  section,  the  seat  Is  Inserted  Into  the  alrstream  by  means 
of  a  special  mechanism. 

5.  Checking  the  effect  of  deceleration  drag  on  a  seat.  The  piir- 
pose  of  these  testa  Is  primarily  to  determine  the  ability  of  a  man  to 
withstand  Inertial  stresses  In  the  seat  being  tested,  l.e.,  to  deter- 
nine  the  strength  and  comfort  of  the  harness  system.  Simultaneously, 
the  strength  of  the  seat  la  tested  for  this  type  of  stress  and  for  the 
absence  of  false  actuation  of  the  releases  and  control  mechanisms  as  a 
restalt  of  Inertial  forces.  Qhese  tests  are  carried  out  on  a  rocket 
sled  to  which  the  required  acceleration  Is  Imparted  by  means  of  a  reac- 
tlon-thxnist  booster,  a  pyromechanlsm,  or  by  means  of  some  pneumatic 
device. 

6.  Tests  on  high-speed  react Ion- thrust  sleds.  The  purpose  of  this 
test  is  to  determine  the  concurrent  effect  of  ram  pressure  and  decel¬ 
eration  drag  on  the  seat.  The  sleds  set  Into  motion  by  means  of  a  reac¬ 
tion-thrust  booster  move  on  runners  along  guide  rails,  attaining  veloc¬ 
ities  of  to  2000  kza/hr.  Tests  with  such  sleds  make  It  possible  more 
exactly  to  reproduce  flight  conditions.  When  the  guide  rails  are  posl- 
tKmed  along  a  deep  cliff  It  becomes  possible  on  ejection  from  such  a 
sled  to  test  a  parachute  system  as  well.  If,  however,  no  cliff  la 
available,  only  the  first  segment  of  the  seat  trajectory  after  ejec¬ 
tion  can  be  reproduced.* 

At  all  stages,  tests  are  initially  conducted  with  a  diaamy,  and 
then  with  human  beings.  Only  after  the  completion  of  all  these  tests 
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S  is  the  ejection  Installation  passed  on  for  flight  tests. 

I 

It  should  be  borne  In  mind  that  the  ground  tests  are  carried  out 
not  only  to  facilitate  and  reduce  the  length  of  time  required  for  the 

flight  tests,  but  also  in  order  to  determine  strength  safety  margins 

' 

I  and  the  limits  of  seat  application.  The  cited  stands  may  be  used  to 
i  determine  the  operation  of  the  seat  for  accelerations  and  ram  pres¬ 
sures  virtually  Inaccessible  imder  flight  test  conditions. 

The  above -eniimera ted  types  of  tests  naturally  do  not  exhaust  all 
of  the  work  which  must  be  carried  out  In  the  finishing  stages  of  a 
seat  and  In  the  research  being  done  In  this  area. 

When  ejection  through  the  canopy  Is  the  theoretical  case  or  the 
design  of  the  firing -mechanism  attachment  leaves  room  for  doubt,  the 
seat  Is  fired  from  the  aircraft  cabin  [cockpit]  at  the  ground.  Special 
nets  are  required  In  this  case  to  prevent  damage  to  the  seat  through 
Impact  with  the  groxind. 

To  test  the  effect  of  accelerations,  parties’ larly  those  of  pro¬ 
longed  action,  tests  are  conducted  on  large  centrlfroges. 

The  operation  of  parachute  systems  on  descent  from  great  altitudes 
Is  tested  by  ejecting  seats  from  balloons  or  rockets,  similar  to  the 
familiar  method  of  tests  Involving  the  sending  of  dogs  aloft  In  rockets. 

The  wide  use  of  high-speed  motion-picture  photography  Is  an  out¬ 
standing  featTore  of  the  measurements  carried  out  during  the  course  of 
these  tests.  The  brief  duration  of  the  processes  taking  place  during 
the  course  of  the  tests  and  the  presence  of  a  man  or  dirnimy  whose  posi¬ 
tion  cannot  be  defined  by  a  single  or  several  coordinates  make  high¬ 
speed  motion-picture  photography  the  most  Important  tool  of  the  tests. 
Generally  no  less  than  2  or  3  cameras  are  set  up,  and  the  rate  of 
frame  exposure  la  no  leas  than  100  frames  per  second. 

In  addition  to  the  motion-picture  photography  method,  measure- 
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Witt*  are  oarrlsd  out  with  conventional  Instrumental  l.e*«  automatic 
ra^ordlng  units  or  oscillographs.  The  extraordinary  brief  duration  of 
tha  majority  of  ju^ocesses  demands  the  use  of  electronic  (hlgh«fz*equ6ncy) 

apparatus. 

$2.  JBT-FROFEXZZD  S12D8  AND  TBffI3  CARRIED  OUT  WITH  THESE 

Figure  219  shows  a  schematic  diagram  of  such  an  Installation.  A 
sled  set  Into  motion  by  one  or  several  Jet  engines  moves  along  a  track 
sometimes  as  much  as  10  km  long  on  runners.  In  order  to  avoid  the  sled 
leaving  the  tracks «  the  runners  are  generally  fastened  to  enclose  the 
rails  on  three  sides. 


Fig.  219.  Schematic  diagram  of  reaction-thrust  guide-rail  Installation. 
1)  !Crack;  2)  rocket  sled;  3)  seat  being  tested.  A)  [Rocket]  slec'  veloc¬ 
ity;  B)  acceleration  section;  C)  steady-state  velocity  section;  D)  de¬ 
celeration  section. 

Let  us  consider  the  length  of  track  that  is  required  in  this  case 
and  let  us  also  examine  the  nature  9f  the  tests  which  can  be  performed 
.with  such  a  sled.  If  the  tests  Involve  a  human  beings  the  horizontal 
acceleration  of  the  sled  Is  limited  and  should  not  exceed  a  factor  of 
approximately  10. 

^The  velocity  of  the  sled  at  the  end  of  the  acceleration  section 
.Is  expressed  by  the  following  formula 

V'-V^SrS: 

Consequently,  In  order  to  attain  a  velocity  of  300  m/aec  for  n  «  10 
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the  track  must  be  1,25  km  long. 

Since  the  average  deceleration  drag  should  also  not  exceed  10, 
the  deceleration  section  should  be  of  equal  length,  l.e.,  1.25  km. 

If  It  la  held  that  a  constant -velocity  Interval  must  be  maintained 
for  a  period  of  1  second,  the  total  length  proves  to  be  equal  to  3  Ion. 
In  other  words,  over  a  relatively  small  path  of  3  km,  developing  ac¬ 
celerations  that  can  be  tolerated  by  a  hiunan  being,  we  will  obtain  an 
Indicated  speed  of  1800  km/hr,  a  ram  pressure  of  15,500  kg/m  ,  and  a 
Mach  number  of  about  1.5.  An  increase  In  track  length  or  In  permis¬ 
sible  acceleration  (for  tests  with  a  dxjmrny)  can  be  achieved  with  such 
a  sled,  and  It  Is  also  possible  to  obtain  considerably  greater  veloci¬ 
ties. 

Generally  such  sleds  are  designed  for  a  variety  of  purposes,  l.e., 
they  dre  employed  for  teats  of  a  great  variety  of  subjects.  We  will 
dwell  only  on  those  tests  that  are  directly  associated  with  ejection 
seats. 

Investigation  of  Simultaneous  Effect  of  Acceleration  Drag  and  Ram 
Pressure 

For  the  purposes  of  these  tests  the  seat  (with  the  test  subject 
seated  on  the  sled)  Is  Injected  Into  the  alrstream  at  the  beginning  of 
the  deceleration  section.  The  Injection  into  the  alrstream  is  moat 
frequently  achieved  by  removal  or  Jettisoning  of  the  protective  panel. 
The  most  correct  approach  is  the  one  in  which  the  seat  is  injected 
into  the  alrstream  by  means  of  a  special  device,  since  In  this  case 
the  Influence  of  faselage  and  subsequent  exposure  of  various  parts  of 
the  pilot’s  body  Is  also  simulated.  Simultaneously  with  the  onset  of 
exposiire  to  the  alrstream  the  rocket  sled  .is  subjected  to  brief  intense 
deceleration  in  order  to  set  up  deceleration  drag.  This  deceleration 
must  produce  G  forces  which  vary  according  to  a  predetemnlned  law  from 
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bm  aaxliBxan  (of  the  order  of  30-35)  to  10«  ee  required  to  bring  the 

*  “i 

}1m  to  •  atop  on  the  given  trade. 

Theae  teata  alnulate  the  ejection  of  the  aeat  from  the  cabin 
ebokplt]  into  the  airatream.  If  the  seat  ejected  into  the  alrstream 
:aA  turn  about  the  axia  passing  through  its  center  of  gravity,  it  be- 
ioaaa  possible  to  simulate  the  rotation  of  the  seat  upon  entry  into 
he  airatream  and,  consequently,  to  check  the  deceleration  drag,  angu- 
.ar  velocity,  etnd  angular  acceleration  that  can  be  withstood  by  a 
Hot.  In  this  case,  virtually  all  parameters  of  seat  motion  with  the 
xoeptlon  of  trajectory  and  parachute  descent  are  simulated. 

To  reproduce  the  trajectory  the  seat  must  be  ejected  (in  this 
aaa  with  a  mannequin).  During  these  tests  the  problem  of  recovering 
he  aeat  and  the  mannequin  is  one  of  extreme  Importance.  This  problem 
an  be  resolved  in  a  variety  of  ways. 

Oooasionally  safety  nets  are  set  up  along  the  track  and  the  seat 
a  ejected  at  a  small  angle.  Apparently,  the  best  version  is  the  lay- 
ng  of  the  track  so  that  it  runs  off  a  cliff  (Fig.  220)  with  the  seat 
lying  over  the  cliff  due  to  inertia  after  ejection,  recovery  being 
nsured  by  a  parachute  system.  In  this  case,  the  sled  must  be  decel- 
rated  prior  to  reaching  the  cliff  or  it  must  fly  off  over  the  cliff 
id  BMilBB  use  of  its  own  parachute  system.  These  tests  make  it  possible 
3  reproduce  the  entire  ejection  process,  l.e.,  the  trajectory  and 
station  of  the  seat  about  its  center  of  gravity  and  the  operation  of 
le  parachute  system.  It  is  of  course  true  that  these  tests  represent 
le  identical  effect  of  actual  conditions  only  for  low  flight  altl- 
idaa,  but  nevertheless  their  results  yield  virtually  Inexhaustible 
terial. 

In  addition  to  the  primary  tests,  a  sled  of  this  type  may  be  em- 
oyad  to  carry  out  a  variety  of  a\uciliary  tests  such  as,  for  example, 
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Fig,  220.  Diagram  showing  rescue  of  test  subject 
on  Installation  positioned  at  the  edge  of  a 
cliff.  1)  Rocket  sled;  2)  seat  with  mannequin; 

3)  rescue  of  mannequin;  4)  rescue  of  seat;  5) 
rescue  of  sled. 

parachute  testa,  tests  to  determine  the  effect  of  acceleration  alone, 
or  to  determine  only  the  effect  of  ram  pressure,  etc. 

It  Is  felt  that  such  a  Jet-propeiyied  guide-rail  Installation  pro¬ 
vides  the  best  reproduction  [simulation]  under  ground  conditions  of 
all  of  the  phenomena  occurring  dxirlng  the  emergency  evacuation  of  an 

I 

aircraft.  [ 

However,  rocket  sleds,  as  noted  In  the  foreign  press,  exhibit  a 
niunber  of  shortcomings.  One  of  these  shortcomings  Is  the  complexity 
Involved  In  regulating  velocity.  With  existing  Jet  engines  the  thrust 
and,  consequently,  the  steady-state  velocity  of  a  sled  may  be  main¬ 
tained  within  a  limited  range.  If  It  becomes  necessary  for  sbme  reason 
or  other  to  obtain  data  at  constant  velocity  (zero  acceleration).  It 
becomes  necessary  to  Introduce  correction  factors  for  the  readings  of 
the  accelerometer. 

I 

Another  shortcoming  of  the  guide-rail  Installation  la  the  fact 
that  the  model  on  the  Jet-propelled  Installation  experiences  vibrations. 
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Rocloet  lied  ta«ita  have  found  wldeapread  aji^llcatlon  in  recent 
tlMa*  In  the  United  Statea  for  exaaqple  there  are  at  the  present  time 
five  large  reaetlon-thruat  Inatallationa  and  a  number  of  email  unita. 
The  large  tracka  Include: 

1)  the  SNORT  at  China  Lake,  65OC  meters  long  (Pig.  221); 

,  ’2)  Botor  China  Lalce«  track  4200  meters  long; 

3)  Bdeards  Air  Force  Base,  track  60OO  meters  long; 

4)  HoUoaian  Air  Force  Base*  track  being  extended  to  10*600  meters 
(Fig.  222); 

5)  SMART,  Hurricane  Mesa  (in  Utah)*  track  3600  meters. 


Fig.  221.'  Rocket  sleds  used  at  the 
SNORT  Installation. 


The  greatest  velocity  obtained  in  America  during  such  tests  was 
of  the  order  of  3300  km/hr  at  the  SNORT  track  with  a  monorail  sled.  A 

m 

run  over  this  same  track  with  a  double-reil  sled  resulted  in  a  velocity 
of  the  order  of  2740  km/lir. 
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Pig.  222.  Rocket  sled  used  at  the  Holloman 
APB  installation. 

An  outstanding  feature  of  the  Holloman  track  Is  a  ravine  some  46o 
meters  deep.  Parachute  systems  can  be  tested  on  this  track  as  well  as 
virtually  all  conditions  encoimtered  during  the  course  of  the  ejection 
procedure. 

Rocket-Sled  Braking  System 

At  the  present  time,  for  large  Installations,  a  hydraulic  braking 
system  Is  the  one  most  frequently  employed.  This  system  consists  of  a 
scoop  brake  motinted  In  the  lower  portion  of  the  sled  which  Is  Immersed 
into  a  tro-ugh  with  water  between  the  rails.  The  scoop  la  Immersed  In 
the  water  because  the  rails  themselves  are  lowered  in  the  braking  sec¬ 
tion  In  order  gradiially  to  lower  the  rocket  sled  to  the  water.  The 
slope  Is  equal  to  approximately  I50  mm  over  a  600-meter  section  of 
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track.  Aa  tha  scoop  is  ijnmersed  It  gathers  up  water  and  ejects  streams 
Of  water  (Fig.  223).  Ohls  produces  a  tremendous  decelerating  force. 
Ibis  braking  system,  despite  its  obvious  simplicity,  nattirally  cannot 
be  used  at  negative  tenq^eratures  without  replacing  the  water  with  atme 
nonfreezing  solution. 


Pig.  223.  Braking  device,  a)  Water 
brake,  its  third  rail  and  concrete 
airport;  b)  water-brake  scoop. 


|3.  UECnON-SEAT  TESTS  IN  WIND  TUNNELS 

Xa  certain  respects  wind-tunnel  tests  are  regarded  more  convenient 
tfaso  with  rocket  sleds.  This  pertains  to  teats  of  assemblies  for  which 
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Fig.  224.  Over-all  view  of  wind  tionnel  at 
the  Arnold  Engineering  Development  Center. 

alrstream  pressure  Is  of  primary  importance,  the  forces  of  Inertia  be¬ 
ing  negligible.  These  assemblies  include  primarily  all  those  designed 
to  protect  against  ram  pressure,  l.e.,  protective  and  hlgh-altltude 
clothing,  arm  restraints,  and  to  a  lesser  degree,  leg  restraints.  The 
actioal  wlnd-tionnel  measurements  are  simpler,  more  conventional  and, 
what  Is  most  important,  thoroughly  tested  apparatus  la  available  for 
purposes  of  these  measurements.  In  other  words,  vrlnd-timnel  tests  are 
not  carried  out  because  rocket-sled  tests  are  expensive  and  complex 
but  are  rather  a  necessary  stage  In  the  development  of  an  ejection 
seat.  As  has  already  been  stated,  such  tests  are  carried  out  In  wind 
tunnels  with  both  open  and  closed  test  sections.  As  an  example  let  us 
describe  In  detail  one  such  installation  v/lth  a  closed  teat  section. 

This  Installation  was  developed  at  the  Arnold  Engineering  Develop¬ 
ment  Center  (USA,  Tullahoma,  Tennessee).  An  over-all  view  of  this  wind 
ttmnel  is  shown  In  Fig.  224. 

The  ram  pressure  In  this  wind  tunnel  ranges  from  1200  to  10,000 
kg/m  ;  the  test  chamber  has  a  diameter  of  3*6  meters  and  It  is  10.6 
meters  long.  For  piArposea  of  these  tests  the  following  were  especially 
fabricated; 
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1.  A  funnel  having  dljoenalona  of  0.6  x  1.2  meters. 

2.  A  device  to  mount  the  ejection  seat  In  such  a  manner  as  to 

I 

pemlt  positioning  the  seat  In  positions  corresponding  to  ejection: 

a)  at  a  forward  angle  of  27°  and  45°  with  respect  to  the  ejection 
position; 

b)  at  a  backward  angle  of  45°  and  65°  with  respect  to  the  ejec¬ 
tion  position. 

3*  A  fast-acting  valve. 

This  Installation  was  used  to  carry  out  tests  of  the  flailing  of 
arms  and  legs  for  purposes  of  obtaining  comparative  results  In  terms 
of  similar  tests  carried  out  with  a  rocket  sled. 

V 

These  tests  demonstrated  the  possibility  of  using  wind  tunnels 
for  the  solution  of  such  problems. 

It  Is  maintained  that  the  exact  ram-presaure  value  at  which  dis¬ 
ruption  of  any  given  component  part  takes  place  can  be  determined  If 
the  Instant  of  destruction  and  the  cxirve  of  Increasing  ram  pressure 
with  time  are  known.  These  data  are  more  difficult  to  obtain  with 
rocket  sleds  than  In  wind  txinnels. 

54.  TESTS  ON  EJECTION  INSTALLATIONS  AND  CENTRIPUOES 

I 

If  the  testa  of  the  Influence  exerted  by  ram  pre 00x0:8  on  abandcn- 
ment  of  an  aircraft  are  assunwd  to  be  more  conveniently  studied  with 
the  above-described  rocket  sleds  and  In  wind  txinnels,  in  the  case  of 
physiological  Investigations,  In  addition  to  the  Installations  described 
above,  lose  la  also  made  of  vertical  and  horizontal  catapulting  devices 
and  special  centrifuges. 

In  order  to  have  some  Idea  as  to  the  appearance  of  a  contemporary 
laboratory  for  the  study  of  survival  facilities,  let  xis  present  a  brief 
description  of  the  equipment  at  the  scientific -experimental  station  of 

I 

the  Ohlted  States  Navy. 
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It  la  the  function  of  this  laboratory  to  carry  out  general  phys¬ 
iological  research  associated  with  the  conditions  of  survival  and 
emergency  abandonment  of  aircraft. 

The  special  testing  equipment  at  the  laboratory  includes: 

1.  A  large  heat  and  pressxire  chamber. 

2.  A  ground  catapult,  33*5  meters  high. 

3»sSpe^al  nets  used  In  the  case  of  free  ejection  from  the  ground. 

4.  An  Impulse,  pnexmiatlc,  horizontal  sled  to  test  the  stresses 
developed  by  deceleration  drag. 

5.  A  large  centrifuge. 

Let  us  describe  each  of  the  installations  separately. 

The  Grotuid  Catapult,  33-5  meters  High 

This  catapult  (Fig.  225)  was  built  In  Great  Britain  by  the  Martln- 
Beyker  Company  for  the  USN.  It  Is  set  up  on  a  platform  equipped  with  a 
special  net.  Its  height  (33*5  m)  makes  It  possible  to  test  objects 
weighing  up  to  250  kg  at  a  positive  acceleration  of  up  to  23g. 

Plight  crews  are  trained  on  this  catapult  and  the  ability  of  man 
to  withstand  the  accelerations  developed  under  specific  conditions  are 
studied  here  (for  a  given  ejection-seat  design  and  given  hlgh-altltude 
equipment).  Moreover,  by  means  of  this  catapult  It  Is  possible  to  eval¬ 
uate  new  ejection-seat  configurations  and  various  combinations  of  seats 
Involving  a  firing  mechanism. 

The  measuring  equipment  on  the  vertical  catapult  makes  It  possible 
to  establish  the  acceleration  with  high  acc’oracy  both  over  the  entire 
trajectory  of  the  ejection  seat  and  with  respect  to  time,  counting 
from  the  Instant  of  ejection. 

Mo  t  Ion -p  let  Tore  photography  with  a  high  frame  speed  permits  deter¬ 
mination  of  position  and  condition  of  teat  subject  with  respect  to  time. 
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Fig.  225.  Vertical  catapult  and  safety  net, 

USN. 

The  ijistallatlon  la  provided  with  strain-gauge  measuring  equipment 
that  permits  determination  of  the  magnitude  and  time  of  stress  devel- 
opoeat  at  any  given  point  in  the  structure. 

The  safety  net  Is  enq?loyed  for  free  ejection  from  a  small  ground 
catapult;  this  net  Is  one  of  the  largest  in  the  USA  and  can  also  he 
used  for  aircraft  ejection  from  a  standstill.  This  net  ensiires  safe 
return  to  the  ground  of  objects  whose  weight  Is  In  excess  of  230  leg 
with  a  flight  velocity  for  the  object  In  excess  of  23  m/sec. 
Horiiontal  Impulse  Sled  (Catapult) 

Tb0  horizontal  catapult  shown  In  Fig.  226  has  a  pneumatic  drive 
and  pneumatic  control.  Ihe  piston  stroke  of  the  catapult  Is  2290  ran. 
The  length  of  the  sled  track  Is  70  m.  The  catapult  makes  It  possible 
to  attain  0  forces  of  4o  for  a  rocket  weight  of  1360  kg.  For  purposes 
of  ripid  deceleration  the  catapult  Is  eq[ulpped  with  a  pneumatic  brake. 
Xj^pttamie  tests  of  ejection  seats  and  harness  systems  both  with 
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dummies  and  live  people  are  carried  out  on  this  catapult. 

This  Installation,  Just  as  the  vertical  catapult,  la  equipped 
with  measuring  and  mot Ion -picture  photography  equipment  to  permit  ade¬ 
quate  monitoring  during  the  course  of  the  experiment  of  the  condition 
of  the  test  object. 


Fig.  226.  Horizontal  catapult, 

USN. 

The  Large  Centrlf\jge  for  Physiological  Investigations 

The  most  Interesting  installation  at  this  laboratory  Is  the  cen¬ 
trifuge  (Fig.  227). 

The  central  portion  of  the  centrifuge  work  area  Is  occupied  by  an 
electric  motor  developing  power  of  40C0  hp,  supplied  from  a  DC  source. 
The  centrifuge  rotor  Is  seated  directly  on  a  15.2-meter  beam  made  of 
steel  tubes.  At  the  end  of  this  beam,  a  spherical  gondola  1.8  x  3»G5  m 
Is  positioned  on  two  hinged  units  which  can  be  rotated  by  Individual 
electric  motors  as  the  beam  moves. 

The  control  of  the  hlnge-unlt  electric  motors  can  be  programed 
from  the  control  room  built  Into  the  celling. 
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Fig.  227*  Iftrga  e«ntriruge  for  physiological 
research,  USN. 

The  design  of  the  centrifuge  permits  the  execution  of  complex 
iwveatnts  by  the  gondola  with  cyclical  variations  In  the  angles  of 
pitch  az^  roll  accordlzig  to  a  preset  program.  The  gondola  Is  designed 
for  atresses  of  272  kg.  Rarefaction  corresponding  to  an  altitude  of 
18,300  ■  can  be  developed  In  the  gondola. 

The  air  conditioning  system  makes  It  possible  to  change  the  tem¬ 
perature  In  the  gondola  from  6.6  to  43 °c.  The  centrifuge  can  be  accel¬ 
erated  to  a  circumferential  gondola  velocity  of  290  km/hr  In  less  than 
7  eeeonds.  The  maximum  accelerations  which  can  be  obtained  with  a 
rotating  beam  and  a  maximum  stress  in  the  gondola  of  280  kg  ranges 
from  0  to  1.5g  within  0,5  sec;  from  1,5  to  15g  within  1.35  sec;  from 
15  te  40g  within  5  eec;  or  from  0  to  40g  within  6.85  sec.  Using  the 
electric -motor  driven  hinged  units  It  is  possible  to  obtain  accelera- 
tlooe  up  to  20g  and  to  rotate  the  gondola  at  a  speed  of  30  rpm  with 
linear  acceleration  within  a  20  unit  range. 

An  Individual's  behavior  In  executing  work  Is  studied  by  means  of 
television  cameras,  high-speed  motion-picture  equipment,  high-speed 
x-ray  equipment,  and  other  sensing  elements  of  the  physiological  func¬ 
tions  of  ^  human  (»*sanlsm. 
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An  additional  two  centrifuges  of  considerably  smaller  dimensions 
are  employed  at  this  laboratory. 

Similar  Installations  to  those  described  above  exist  at  the  pres¬ 
ent  time  In  most  countries.  They  differ  as  to  design  and  range  of  ap¬ 
plication,  but  In  general  their  operational  principles  are  identical. 
§5.  HIGH-ALTITUDE  EQUIPMENT  TESTS  IN  HEAT  AND  PRESSURE  CHAMBERS 

Heat  and  pressure  cheimbers  make  It  possible  simultaneously  to 
check  the  Influence  of  two  primary  factors,  l.e.,  low  barometric  pres¬ 
sure  and  various  ambient-air  temperatures.  Occasionally  heat  and  pres¬ 
sure  chambers  are  fitted  out  with  devices  to  produce  ozone  or  to  re¬ 
produce  certain  types  of  radiant  energy. 

The  heat  and  pressure  chamber  designed  for  tests  of  hlgh-altltude 
equipment  consists  of  a  cylindrical  or  rectangular  housing  with  a  vol- 
\;une  from  8  to  50  m^.  The  strength  of  the  chamber  Is  calculated  for  an 

p 

outside  excess  pressure  of  1  kg/cm  (l.e.,  for  a  total  vacuum  Inside 
the  chamber).  The  walls  of  the  chamber  are  generally  welded  of  steel 
plate  (Pig.  228).  The  large -vol\«ne  chambers  are  occasionally  made  of 
reinforced  concrete.  The  entire  chamber  surface  and  the  surfaces  of 
ti  H  .ftCicktiWii  (.uuing  art  coverea  wl.h  a  chick  layer  of  thermal  in¬ 
sulation.  The  observation  windows  have  no  less  than  four  panes  sepa¬ 
rated  from  one  another  by  air  layers.  This  protects  the  windows  against 
fogging  at  low  temperatures.  The  chambers  are  fitted  out  with  hatches 
or  doors  which  open  to  the  outside.  The  pressure  chamber  Is  provided 
with  a  small  antechamber  (sluice)  having  two  doors  for  purposes  of  en¬ 
tering  the  chamber  when  a  vacuum  exists  on  the  Inside;  these  two  doors 
consist  of  an  outside  door  and  an  Inside  door  leading  Into  the  main 
chamber.  Hie  experimenter  entering  the  sluice  may  balance  the  pressure 
between  the  chambers  by  means  of  a  valve  and  open  the  Inside  door. 

Low  temperatures  (-70°C)  In  the  heat  and  pressure  chambers  can  be 
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Fxg.  228.  Over-all  view  of  hlgh-altltude  laboratory  (heat  and  pressure 
chamber)  at  the  "Wright"  Science  Research  Center  In  the  vicinity  of 
Dayton  (USA).  1)  Main  chamber;  2^  door;  3)  small  chamber;  4)  single- 
position  (difference)  chamber;  5)  control  panel;  6)  animal  chamber;  7) 
steel  plate;  8)  steel  frame;  9)  antechamber. 


achieved  by  means  of  ammonia  or  freon  cooling  units  or  by  means  of 
evaporators  (radiators)  which  are  positioned  Inside  the  chamber.  For 
rapid  cooling,  turbine -driven  compressed-air  refrigeration  equipment 
is  employed. 

High  temperatxires  (100°C  and  higher)  are  attained  by  means  of 
screens  heated  electrically  and  positioned  Inside  the  chamber  about 
the  work  position  of  the  lndlvld\ial  conducting  the  test. 

Ozone  Is  obtained  by  quiet  electric  discharges.  The  evacuation  of 
air  from  the  heat-pressure  chamber  Is  carried  out  by  means  of  vacuum 
pumps.  A  feature  of  pressiire  chambers  Intended  for  the  testing  of  hlgh- 
altltude  apparatus  and  equipment  Is  the  fact  that  In  order  to  maintain 
a  given  "altitude"  In  the  chamber  It  Is  necessary  continuously  to 
evacuate  the  oxygen  supplied  for  human  breathing. 

The  oil  vacuum  pumps  are  made  explosion  proof  by  diluting  the 
evacuated  gas  with  air  or  nitrogen  so  that  the  oxygen  content  does  not 
exceed  43^. 
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Heat -pressure  chambers  Intended  for  the  training  of  pilots  are 
generally  fitted  out  with  small  VN-1  type  vacuum  pumps  (power,  2.8  kw), 
developing  an  "altitude"  In  the  chamber  of  12,000-13,000  meters.  VN-6- 
type  pumps  (power  20  kw)  make  It  possible  to  achieve  an  "altitude"  of 
up  to  30  km.  To  attain  an  "altitude"  In  the  presstire  chamber  of  the 
order  of  50-100  km  (with  an  oxygen  supply  for  breathing)  requires  the 
simultaneous  operation  of  a  great  nxanber  of  powerful  vacuum  pumps. 

Communications  with  the  subject  In  the  heat-pressure  chamber  are 
carried  out  by  means  of  telephone.  In  addition,  the  subject  has  emer¬ 
gency  sound  and  light  signals  at  his  disposal.  For  purposes  of  measur¬ 
ing  parameters  through  the  wall  of  the  heat-pressure  chamber,  numerous 
wires  and  tubes  of  various  diameters  have  been  led  In. 

Each  pressure  chamber  Is  fitted  out  with  an  emergency  valve  for 
rapid  leveling  off  of  the  pressure  between  the  chamber  and  the  "ground. " 
The  valve  Is  under  the  control  of  a  doctor  who  maintains  continuous 
visual  observation  of  the  subject. 

All  machinery  —  refrigeration  compressors,  vacuum  pumps,  electric 
generators,  transformers  —  as  a  rule  are  housed  In  an  adjacent  Insu¬ 
lated  unit  with  a  pressure  chamber  so  as  to  prevent  the  noise  from 
this  equipment  from  Interfering  with  the  conduct  of  the  tests. 

The  purpose  of  the  tests  In  a  heat-pressure  chamber  Is  the  In¬ 
tegrated  examination  of  Individual  hlgh-altltude  equipment  and  oxygen 
breathing  systems  under  conditions  affording  the  greatest  simulation 
of  hlgh-altltude  flight  conditions. 

The  heat-pressure  chamber  test  program  for  hlgh-altltude  space 
pressure  suits  or  G  suits  with  ventilated  clothing  Is  generally  as 
follows . 

A.  Without  subject  (with  dummy)* 

1.  Inflation  of  space  pressure  suit,  helmet, ’or  tensioning  devices 
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of  Bult  with  teat  excess  pressure  of  150$^  of  the  maximum  operating  ex¬ 
cess  pressure  (this  test  Is  preceded  by  a  test  of  the  static  strength 
margin  by  inflating  a  test  specimen  to  destruction). 

2.  Checking  of  the  airtightness  of  the  equipment  and  determining 
the  magnitude  of  gas  leakage  losses. 

3.  Checking  the  operation  of  pressure  regulators  and  determining 
the  magnitude  of  the  excess  pressure  developed  In  the  helmet  (In  the 
shell)  at  various  altitudes. 

4.  Checking  the  hydraulic  resistance  of  the  ventilation  system 
and  the  distribution  of  the  ventilation  air  through  the  suit. 

5.  Checking  the  oxygen  and  carbon-dioxide  content  in  the  Inspired 
air  and  the  resistance  to  breathing.  This  test  Is  carried  out  by  means 
of  mechanical  lixngs  with  which  various  magnitudes  of  lung  ventilation 
are  developed:  generally  7.5*  15*  and  30  liters  per  minute  (the  carbon 
dioxide  Is  supplied  from  a  tank  throvigh  a  pressui'e -reduction  valve  and 
a  calibrated  nozzle  In  a  quantity  corresponding  to  that  cited  In  Fig. 
170). 

6.  Checking  the  emergency  oxygen  supply  and  the  oxygen  flow  rates 
for  various  magnitudes  of  Ixmg  ventilation  (on  artificial  Ivings)  with 
connected  ‘’nd  dfsconnected  air  intalcs  automatic  units. 

7.  Checking  oxygen  concentration  In  helmet  dxirlng  rapid-ascent 

regime. 

8.  Testing  for  difference  (explosive  decompression)  by  measuring 
dynamics  of  change  In  suit  and  helmet  pressiure  and  oxygen  concentration 
In  helmet  after  1  minute  after  pressxxre  difference  [drop]. 

B.  With  teat  stibject 

1.  Checking  ease  and  time  required  for  donning  of  equipment  and 
mobility  of  Indlvlchial  with  excess  pressure  In  suit. 

2,  Checking  temperature  regime,  level  of  heat  sensation,  roqulicd 
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Pig.  229.  Diagram  of  apace  pressure  suit  ( vent Hat Ion- type)  test  In 
pressure  chamber.  1)  Entry  doors;  2)  vslve  for  pressure,  balancing;  3) 
valve  for  rapid  "descent";  4)  oxygen  tank;  5)  stationary  oxygen  unit; 

oxygen-unit  monitoring  Instrument;  7)  emergency  oxygen  tank;  8) 
burettes  for  sampling  of  air;  9)  rheostat  with  ammeter  and  voltmeter; 
10)  electric  heater;  11)  return-flow  valve;  12)  refrigeration  unit; 

13)  supercharger;  l4)  electric  motor;  I5)  drier;  I6)  freezing  unit  for 
removal  of  moisture;  17,  18,  19)  manometers,  respectively,  for  measure¬ 
ment  of  flow  rate,  resistance,  and  excess  pressiire  In  apace  pressure 
suit.  A)  To  vacuum  pump;  B)  antechamber;  C)  large  pressure  chamber;  D) 
space  pressijre  suit. 

air  and  oxygen  flow  rate  for  given  maximum  duration. 

3.  Checking  visibility  and  nonfogging  of  face  plate. 

4.  Checking  pressure  In  helmet  and  shell. 

5.  Checking  oxygen  and  carbon-dioxide  concentration  and  resistance 
to  breathing. 

6.  Simulation  of  parachute  descent  (l.e.,  checking  work  of  oxygen¬ 
breathing  system  when  supply  Is  taken  from  parachute  unit). 

7.  Testing  for  explosive  decompression. 

Figure  229  shows  a  typical  diagram  of  pressure  and  flow-rate  meas¬ 
urements  during  space  pressure -suit  tests  In  a  heat-pressure  chamber 


By  means  of  the  burettes  shown  In  this  diagram  air  samples  are 
taken  from  the  helmet  for  subsequent  analysis  In  a  Holden  apparatus 
which  yields  average  values  for  the  0^  and  CO^  contents.  To  obtain  the 
true  values  for  these  quantities,  corresponding  to  the  inspiration 
phase,  the  samples  ere  taken  during  the  inspiration  phase  In  evacuated 
bxirettes.  For  this  another  experimenter  Joins  the  first  In  making  the 
pressure -chamber  ascent.  In  recent  times  electron-optical  gas  analyzers 
have  appeared  on  the  scene  and  these  show  the  current  value  of  oxygen 
and  carbon -dioxide  concentration,  thus  significantly  speeding  up  and 
simplifying  the  conduct  of  the  Investigations. 

The  measurement  of  resistance  to  Inspiration  and  expiration  Is 
carried  out  with  a  cup  (single-knee)  water  manometer  or  by  means  of 
electronic  manometers. 

x?l»»'iiltanec?’-isly  wlt.h  the  maasur'^ment  of  the  engineering  character¬ 
istics,  an  objective  inspection  of  the  condition  of  the  organism  Is 
carried  out.  For  this  purpose  the  subject  Is  measured  for  pulse  and 
respiration  rates,  skin  and  body  temperature,  as  well  as  the  oxygen 
saturation  of  the  blood  (by  means  of  a  sensing  element  connected  to 
the  earlobe),  th-  airer-^p’  pressui’e  of  the  blood  and  the  biological 
currents  of  the  brain  with  an  electroencephalograph  (the  last  two  types 
of  meas'urements  are  not  widely  performed).  The  continuous  monitoring 
of  the  oxygen  saturation  of  the  blood  with  an  oxymeter  has  significant 
advantage  over  the  analysis  of  the  alveolar  air  for  oxygen,  since  It 
shows  the  state  of  the  organism  at  the  given  instant  of  time;  however, 
each  helmet  la  not  provided  with  a  sensing  element  for  this  Instrument. 
Tests  for  explosive  decompression  are  carried  out  either  In  a  pressure 
chamber  In  which  the  volume  of  the  antechamber  la  smaller  than  the 
volume  of  the  main  chamber  by  a  factor  of  at  least  40-50,  or  these 
tests  are  carried  out  In  a  special  Installation.  In  the  first  case. 
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there  must  be  a  large  Instant-opening  valve  between  the  antecharr.bar 
and  the  main  chamber.  The  subject  moves  Into  the  antechamber;  a  prede¬ 
termined  expansion  occurs  in  the  rain  chamber,  and  the  valve  Is  then 
opened. 

In  the  majority  of  cases  the  installation  designed  to  test  pres¬ 
sure  differences  is  made  as  a  xmlt  separate  from  the  heat-pressure 
chamber.  A  strong  single-position  cabin  [cockpit]  1-1.5  m-^  in  volume 


is  connected  by  means  of  a  short  large -diameter  tube  to  a  space  exhib¬ 
iting  a  volume  of  the  order  of  100  m^.  A  throttle  is  Installed  between 
the  cabin  [cockpit]  and  the  space  and  this  device  must  be  capable  of 


being  opened  instantaneously  by  means  of  pne’jmatlc  cylinders, 


space  is  connected  to  a  vacuum  pump  and  the  required  rarefaction  Is 


produced.  As  the  throttle  is  opened  the  pressure  In  the  cockpit  cabin 


becomes  close  to  the  initial  pressure  in  the  space.  Thus,  for  example, 

■3 

if  we  are  dealing  with  a  cockpit  1.5  m*^  in  volume  and  a  space  of  IOC 
m^,  the  initial  pressure  in  the  cabin  being  about  26?  mm  Kg  (8000  m) 


and  8  mm  Hg  (30,000  m)  in  the  space,  after  the  opening  of  the  th^’ottle 


the  pressure  will  be  the  following: 


n  8  Hg  (-28  km).  i 

^  luo  ‘  I 

In  order  to  ensure  the  sax'ety  of  the  hlgh-altltude  tests,  an  addi¬ 
tional  hose  is  attached  to  the  airtight  helmet  to  provide  for  a  supply 
of  oxygen  from  a  separate  tank  In  the  case  the  main  system  falls  to 
function.  The  oxygen  valve  is  mo’mted  on  the  control  console  of  the 
physician  in  charge. 

Of  the  remaining  measures  associated  with  safety  engineering,  our 
attention  should  be  concentrated  on  the  following: 

1.  Experiments  with  a  human  uelng  must  necessarily  be  preceded  by 
engineering  [unmanned]  ascents  and  pressure  drops.  In  this  easel,  all 
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electrical  systems  must  be  connected  and  tested  out. 

2.  In  the  Installation  of  the  oxygen  system  cleanliness  must  be 
rigorously  maintained  —  remember  that  greases  and  oils  are  capable  of 
spon^'aneous  combustion  and  detonation  if  permitted  to  come  Into  con¬ 
tact  with  oxygen  compressed  to  6  atm  and  higher. 

3.  In  the  event  of  cold-sxposure  teats  oxygen  tanks  must  be  stored 
In  the  heat-preas\ire  chamber  In  advance  In  order  to  remove  moisture 
through  freezing.  The  charging  of  parachute  units  must  be  carried  out 
by  transferring  from  cooled  tanks  or  through  a  moisture  drier.  Para¬ 
chute  oxygen  equipment  covered  with  dew  must  be  dried  before  being 
placed  into  the  heat-pressiore  chamber. 

4.  Electric  heaters  must  have  heat-sensltlve  switches  that  operate 
automatically  on  overheating  (for  example,  upon  cessation  of  the  air 
supply).  The  air  lines  must  be  connected  to  the  electric  heater  by 
means  of  nuts.  Durlte  cannot  be  used  for  the  connections. 

§6.  AUXILIARY  EQUIPMENT 

1.  The  dtimmy.  Of  the  auxiliary  equipment  used  for  testing  of  ejec¬ 
tion  seats,  the  most  important  Is  the  dummy.  The  dummies  used  In  these 
tests  must  be  anthropometric,  l.e.,  as  much  like  a  man  as  possible  in 
terms  of  weight,  size,  postxire,  moment  of  Inertia,  and  mobility  of 
head  and  extremities. 

In  terms  of  weight  and  size  dummies  differ  with  respect  to  "per¬ 
centage.”  For  example,  the  term  a  "90$^  dummy"  Indicates  that  905^  of 
the  flight  crew  la  lighter  in  weight  and  smaller  In  size  than  the 
dutany,  and  that  only  10^  of  the  crew  is  greater  in  size  and  larger  In 
weight. 

We  generally  encounter  two  types  of  dummies,  i.e.,  assembled  from 
orthopedic  parts  (artificial  arms,  legs,  etc.),  with  posture  and  weight 
achieved  by  positioning  special  weights  In  the  dummies,  or  rubber  dum- 
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mies  with  a  Jointed  skeleton.  The  rubber  durjnles  are  better,  since  to 
some  extent  they  also  simulate  the  elasticity  of  the  human  body. 

During  the  course  of  testa,  particularly  In  he  case  of  flight  or 
rocket-sled  tests,  the  accelerations  to  which  the  dummy  Is  subjected 
must  be  measured. 

In  testing  for  the  effect  of  ram  pressure  It  Is  necessax-y  to  r 
ure  vibration,  particularly  the  vibration  of  the  dummy's  head.  For 
this  reason  chambers  are  built  Into  the  head  and  c.hest  of  a  dummy  t 
hold  automatic  recording  units  or  sensing  elements  for  a  telemetry 
system. 

2.  Installation  for  the  reproduction  of  dynamic  application  of 
load.  The  schematic  diagram  of  such  an  Installation  Is  shown  In  Fig 

230. 


Fig.  230,  rti.'ram  of  Installa¬ 
tion  for  reproductlor  of  dy¬ 
namic  loads.  1)  Falling  load; 

2)  capron  cable  with  Initial 
slack;  3)  seat  with  dummiy  be¬ 
ing  tested. 

A  weight  falling  from  a  given  height  and  acquiring  kinetic  ene: 
elongates  an  e?  istlc  cable  (generally,  a  capron  strip)  connected'  to 
the  point  on  the  seat  being  Investigated  and  thus  produces  a  dynamlf 
load  at  the  points  of  cable  attachment.  Varying  the  course  of  the  f; 
fall  of  the  seat,  the  mass  of  the  weight,  and  the  rigidity  of  the 
cable,  it  becomes  possible  to  develop  a  load  which  In  terms  of  magn. 
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Fig.  232.  Installation  of  small 
catapult  over  cliff. 

tude  and  nature  of  change  Is  similar  to  the  load  encountered  In  natxare. 
Since  all  these  dynamic  loads  act  on  the  seat  during  Its  free  fall, 
the  seat  Itself  during  the  course  of  these  tests  Is  suspended  from 
cables.  Occasionally  In  checking  the  releases  of  parachute  systems  for 
example.  It  Is  necessary  to  apply  simultaneously  dynamic  load  and 
vibrations.  In  this  case  the  vibrator  producing  the  vibrations  Is 
mounted  directly  on  the  seat. 

3.  Ground  training  Installation  with  cable  slope.  The  diagram  of 
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this  training  Installation  Is  shoim  in  Pig.  231.  A  training  Installa¬ 
tion  of  this  type  makes  It  possible  to  eject  people  and  dunmles  with 
an  explosive  cartridge  cf  reduced  size  In  the  firing  mechanism.  After 
ejection  the  Individual  separates  from  the  seat  and  slides  by  means  of 
a  suspension  system  along  the  cable  slope «  gradually  reaching  the 
gromid.  The  seat,  attached  to  the  top  of  the  training  Installation, 
falls  Into  a  cushioned  net.  Al^ough  such  a  training  Installation  la 
intended  for  the  training  of  a  flight  crew,  it  can  also  be  used  to 
check  the  operation  of  a  number  of  seat  units. 

4.  nie  small  catapult,  i^lch  reproduces  ejection  from  cabin  [cock- 


plt]  from  a  standing  position,  nils  catapult  is  used  to  check  the  op¬ 
eration  of  firing  mechanisms  (the  maximum  0  forces  and  the  Initial 
ejection  velocity  la  checked).  Nets  similar  to  those  shown  in  Fig.  226 
can  be  eiqployed  to  recover  the  seat  in  this  case.  If  the  conditions  of 


the  terrain  permit,  a  catapult  of  this  type  may  be  installed  at  the 
edge  of  a  cliff  (Fig.  232).  In  this  case,  the  seat  can  be  recovered  by 
means  of  a  parachute  system.  During  the  course  of  these  tests  it  is 
also  possible  to  check  the  operation  of  the  parachute  system  and  its 
releases,  the  separation  of  the  duomy  from  the  seat,  etc.  These  tests 
are  not  Identical  to  flight  toste  because  there  la  no  horizontal  ve¬ 
locity,  but  nevertheless  they  yield  valuable  results. 

5.  Deep  pool  to  test  jettisoning  of  canopy  when  submerged.  Earlier 


we  spoke  of  the  case  of  underwater  ejection.  For  aircraft  flying  over 
water  rescue  when  submerged  is  to  some  extent  a  theoretical  case.  In¬ 
vestigations  in  o  ^he  jettisoning  of.  a  canopy  for  this  puri>ose  are  car¬ 
ried  out  in  a  deep  pool.« 
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[Footnotes ] 


"Popular  Science,"  1956,  December,  page  77.  "Aeronaut.  Eng. 
Rev.,"  Vol.  15,  1956,  December.  "Aviation  Week,"  1955*  April, 
pages  35-36;  Vol.  67,  1957,  No.  26,  pages  83-85.  "American 
Aviation,"  1955*  April,  page  32. 

Rocket  sleds  are  a  relatively  new  form  of  test  equipment 
whose  area  of  application  Is  by  no  means  limited  to  testing 
of  ejection  seats.  Further  on,  an  entire  section  is  devoted 
to  these  sleds. 

A  mannequin  Is  required  In  a  number  of  cases  In  order  to  re¬ 
produce  the  free  volume  on  whose  magnitude  depends  the 
stresses  In  the  case  of  a  pressure  difference,  the  CO2  con¬ 
tent,  etc. 

We  know,  for  example,  of  tests  conducted  by  the  Douglas  Com¬ 
pany  at  the  experimental  center  In  B1  Segundo  In  a  7.3  m 
deep  pool.  The  Jettisoning  of  canopies  at  depths  of  ^.5 
meters  was  tested,  l.e.,  at  an  excess  pressure  of  about  0.5 
gatige  pressxire  (Naval  Aviation  News,  1956,  October). 
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